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ERs O te ST COs, 


The importance of the relation between the soil and its con- 
tained water has long been recognized, and methods to improve our 
understanding of this have been persistently sought. In the past 
few years those based upon the freezing of the water held in the 
soil have attracted much attention because of their novelty, and 
even more because of some of the conclusions reached by their ad- 
vocates. 


The values directly measured by these methods are the tempera- 
tures at which freezing of the soil water, as it exists in the soil, 
takes place, and the expansion which it undergoes on freezing. Some 
investigators claim that these methods furnish information as to the 
total salt content of soils (21), the uniformity or otherwise of the 
soil solution (11), the quantity and concentration of the soil solu- 
tion available to plants (19, 20), the nature of acidity as well as 
the lime requirement of soils (6), the physical classification of 
the water contained in the soil (12), the effect of fertilizers and 
soil amendments (20), the effect of cultivation and cropping upon 
the soil, and the time required to overcome this (31), and the rate 
and extent of solubility of the soil material (14). 


Bouyoucos and his collaborators who developed these methods, 
recognized a connection between the texture of the soil and the 
values secured by freezing. They ascribed this connection to the 
greater solubility of the finely divided matter of the soil, and did 
not regard it as at all impairing the validity of their conclusions. 
The work of Keen, Parker and Fisher indicate that the texture of 
the insoluble soil material has an effect upon the two measurements 
used as the basis of his deductions by Bouyoucos other than merely 
upon the solubility of the soil material and that this must be taken 
into account before these measurements may be used in the study of 
the relation between soil and soil water. 


3 The moisture equivalent is among the most convenient methods 

of expressing the texture of soils in comparable form. If a direct 
connection between the freezing point and the moisture equivalent is 
established it will be evident that the texture of a soil directly 
affects its freezing point. The experimental work reported below 
was undertaken to learn to what extent, if any, such a connection 
exists. 


SOIL WATER. 





The water carried by soil, according to the most commonly ac- 
cepted view, is present either entirely as hygroscopic water, or 
partly as hygroscopic and vartly as capillary water, or, lastly, 
partly as hygroscopic, partly as capillary, and partly as gravita- 
tional water. 


The hygroscopic water is held by the soil in the form of a thin 
film covering the surface of every solid particle. If not otherwise 
supplied it would be absorbed, until equilibrium was reached, from 

875 
















"ia 



















en 


Can. ae 


Fait flow sds maowded notisfor ort tor or 

git ths ebortem fre , bor ingoost d pete 

{3 sSrigvos vitnoteierac neod 
bloat ‘tosew eit to galseo:t ed BOgn 
Leven attend to oessood solstretis foun b tte 

3 yd enotebfonco edt to ne to on s900 9° 

2B9t8007 


i 


7 al 


53’ -ontt ¢ eis feliciineis eset yd botse som eisber }egoulsy oat ‘ 
a at etelxe iene ,wiew [toe pie to oe cs, ts £24 tus © 


emo. grisoe ri fo 290 mebas ti dotehy’ Sar ts ,post 
@ae OF BS rotsamrotat Aetam 1 ebodsem . atoje Haeval 
eid 10 satwrostvo "O Yoimeottay edt (fey  akaon Bur tnetmos tise Latot 
uke iG edd to aoftetdnoonoo bes = einen ae (If) moistuloe Lloe 
Bs bo. 1s tbton to stetan art ef) atnela od ofdaliave nots 
ee ort Inoievdg odd at aftoe to t ‘ amil ott 
bo to footie odd .(SL) Itoe ona mt tnoo s9tsw odd 


noqe ae pada bas notdevitive Se tostte sit ad [toe 
4 (£5) sit emeotevo og a 3 et baa tier oi 
-(Sf) Letcatam Ltoe odd Yo ye 8 to tnatxe bas 


»2bortton @Eedt heqolsevsh ow excdatodsfios eld bas | aoono y0d 
ond Bre Efor eft to otudxet ai avewted 4 easere 2 besingooss 
ats oF» id oearos eldt bodiuesg yed? « yd Retna ulev 
bas g “ead ‘ic tadiem bobivib yLoni? wWiliduice tetsety 
paisdt to viltbilev ant ani¢ ‘EMs de ea tt a ton 
etuexed oft gory oteothal torett texts ,roe% to Atow sa? 
_. BdnemSteapem ows oi3 noms tootIs as aad Sores: {hoe ntautoant erit 
3 Asis toiijo ecovoywod yd enottoubeb efa to stead sft es Boav 
damm élsit tars bie Letis¢am Lioe odd Bo ysilidvlor sed¢ 
uta sid at beans od vam etnonet¥esem seedy etoOted Jayoo9a8 oJAE © 
wotew [foe ene: Lioe soewtod motisflet odd 


_% 


77 
. 


© eboctem gneiaeveco teom ect jnoue ef ea Caves sivdatom od? 

pap 5etib Rat yortot sfdatacno> ut elies Yo exetxod edd gateeorgxs To 
me S0elcVENED Scutetom alt bis Jnled nafseet? st coe ao htoonmoo 
=) gitoo: ih #06 » tc stutxos odd tadt Jogbtve od Iffw t1 here lidstes 
‘4 woloed [Oger atom feinoniuecxe off  sfaloq gaissort? att adootts 


no Ls 95 or ‘iB Hove .yme tt .tnstxe dadw oF tmsel o3 mexattobau eaw 
| sy Vie -etelxe 
. 2 : 
Ye Ms ASTAY 308 
Poy ae . ‘- 
as aoe nog wWeou Sat of eathwogoa ,{ioe yd ‘bsiuiso tex rie ont 
Bi “~>Jew pe eeorey be Ylowlsae «odds tnseeag BE fy qoo 


a  etteat ,T aesaw yial Ligas as yitcs@ bos siqoorotayd en yidred 
res 28 yi sdisg Die .wtelitdas es vitasq tgooeoteyd ea Yisteq 
-tesnw t? 


uk 2 to wero off ni fLhoe org yo Slot et sogaw stgosnorgyst se 

tonto dom II .efotdsag bilon vtevs 10 soetnée ed gaiteveo mit? 

eo whsilowet caw outadifivps {tian .bediosds eg bieow ti Be ve 
( eV ’ 


” r i 
‘ j 


‘ yo * 7 ' _ : : i @ i : 
\ A Tes. i ‘ <2 i a Ln 


2 


the more or less moist air in contact with the soil. Hygroscopic 
moisture does not move from one particle to another as liquid water, 
but as water vapor and through the surrounding atmosphere. 


The capillary water is held in part as thicker films surround- 
ing the soil particles, and in part collected in the angles between 
the particles where they touch, forming annular wedges about the 
points of contact and completely occupying some of the open spaces, 
first filling the smaller ones. The thickness of its films is thus 
far less uniform, and in consequence its amount is not directly 
proportional to the total soil surface. The force, surface tension, 
which determines the movement of the capillary water prevents its 
responding to gravity, but the water will move from wetter to drier 
portions of the soil, and this adjustment becomes more rapid as the 
thickness of the water films increases. 


The gravitational water is still farther removed from direct 
contact with the soil particles and thus less attracted by them. It 
occupies the larger open spaces, and is hardly to be regarded as in 
film form. It moves downward in response to gravity, but if it 
comes into contact with soil not fully supplied with capillary water 
it will spread over the surfaces of the soil particles, changing 
partly or wholly into this form. 


BOUYOUCOS' PROPOSED CLASSIFICATION OF SOIL WATER. 
Bouyoucos (12) has proposed a quite different classification 
of the soil water, dividing it into free* and unfree water, with 
the latter subdivided into capillary-absorbed and combined water. 
His scheme is as follows: 





1: Free water# Water that is sufficiently free from the in- 
fluence of the solid soil particles to freeze readily (between 0.0°C. 
and -1.5°), Bouyoucos considers this portion only as able to dis- 
solve soluble matter, and hence to form the soil solution. It would 
include all the gravitational water, defined as above, as well as 
part of the capillary water, in any sample of soil. 


2: Unfree Water: That portion of the water carried by any soil 
that does not freeze readily (#.e. remains unfrozen at -1.50C). It 
includes the remainder of what is commonly designated capillary water 
as well as all of the hygroscopic water, and is subdivided into: 


% There is mich confusion in the use of the term free water. Most 
writers on soil subjects, being comparatively uninterested in the 
availability of the soil moisture to plants, have used the term as 
synonomous with gravitational water - the portion free to drain away. 
Hilgard and Loughridge (1, P. 135), at least as early as 1874, first 
used it to designate the water present in excess of the hygroscopic 
Alway and his co-workers have used it in the same sense. Now 
Bouyoucos proposes to employ the same term to indicate that part of 
the soil water that is free to freeze readily. 
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Capillary absorbed water (or water of solid solution) and 
combined water (water of hydration). The former consists of the 
portion that freezes between -1.5° and -4.0°, and the latter of what 
remains unfrozen at -4,.0°. 





Bouyoucos (8) recognizes that his limits of -1.5° and -4.0°C are 
arbitrary. In an earlier paper he stated that his combined water was 
about equal to the wilting coefficient of Briggs and Schantz, but 
later work (12) led him to conclude that there is no close relation 
between combined water and either wilting coefficient, hygroscopic 
moisture, or moisture equivalent. He concluded that repeated freez- 


ing and thawing of a moist soil is able to change into free water 
some of the capillary absorbed water, but none of the combined water. 


Bouyoucos assumed that the capillary absorbed water dissolves 
nothing, and that the combined water is already in a solid state, he 
failing to find any evidence of its freezing even when the tempera- 
ture is reduced as low as -78°C. 


FREEZING POINTS OF MOIST SOILS. 
The depression of the freezing point of a solution is propvortion- 
al to the concentration of ions and undissociated molecules together, 
and for water is 1.86°C. per mol concentration. This provides a re- 
liable method for the determination of the concentration of solutions 
in which the solute is known. In the case of electrolytes it shows 
the apparent molecular weight, and thus the degree of dissociation. 
In the case of mixed solutions, or those of unknown composition, 
freezing point determinations give the concentration in terms of 
moles but not of percentage or weight of solutes. Bouyoucos has at- 
tempted to apply these relationships to the study of the concentra- 
tion of soil solutions. 


Bouyoucos (19) was the first to actually determine the freezing 
points of soils, or even to suggest that it might be useful to do so. 
Little or no attention had previously been paid to the temperature at 
which the freezing of moist soils actually occurs, although many in- 
vestigators had mentioned effects of freezing upon the physical and 
chemical properties of soils which they either observed ar assumed. 
It seemed to be tacitly assumed that the soil water freezes just as 
it would if removed from the soil. For several years previous to 
beginning his study of freezing points Bouyoucos had been studying 
the temperature of soils, and its effect upon certain of their pro- 
perties. He had observed the influence of varying amounts of water 
upon changes in the temperature and also upon the temperatures at 
wnich soils, both in the laboratory and exposed in the field, re- 
mained unfrozen. Since 1915 he and his associates have done a grea 
deal of work upon the freezing points of soils, on the general ie 
assumption that the soil solution when in the soil freezes exactly as 
it would if it were first removed without change in concentration, 
en assumption they have not supported by experimental evidence. 
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By his method (20) as finally developed, the soil, brought to 
the desired degree of moistness, is placed in a glass freezing point 
tube, usually a 1 inch x 8 inch test tube. Into this a Beckman ther- 
mometer , previousiy set so that the freezing point of water comes 
somewhat above the center of the scale and is accurately known, is 
inserted until the bulb is completely surrounded by the moist soil. 
The whole is placed in a freezing bath of water, ice and salt, in 
such proportions that the temperature of the freezing bath is two or 
three degrees lower than the freezing point of the soil. When both 
soil and thermometer have cooled to about the freezing temperature, 
the tube is removed from direct contact with the freezing mixture, 
and cooled more slowly in'a cold air chamber of metal set permanent- 
ly into the freezing bath. This is enough larger than the freezing 
point tube to insure that the latter comes into contact with only 
the cold air and not with the metal. The slower cooling is continued 
until such a temperature is reached that freezing can be induced by 
a slight jar or by friction, for which the rotation of the thermo- 
meter a few degrees backward and forward so as to rub the undercooled 
soil is usualiy sufficient. When the freezing begins the temperature 
rises rapidly to the freezing point, remains near this for some time, 
then slowly falls. The highest point reached in the rise is record- 
ed as the freezing point. The drier the soil the greater is the 
degree of undercooling found necessary and the shorter the time the 
mercury remains at this maximum point. 


a 


Although the method may appear essentailly the same as the more 
familiar one for liouids, it should be pointed out that there are 
some very important differences. One is that the temperature of the 
soil mass cannot be kept uniform throughout by stirring, a second is 
that while in liquids the pressure exerted upon the bul¥ of the ther- 
mometer is uniform at all points (within very close limits), such is 
not necessarily the case in the freezing of moist soils. Bouyoucos 
Gee the latter, but did not regard it as a serious objection. 

LO). 


Although the freezing point depressions of solutions in mass are 
proportional to their concentration, and by analogy a soil frozen 
with varying amounts of water should show deprressions inversely pro- 
portional to those amounts, Bouyoucos (19) observed that such was not 
the fact with.soils, but that the depression increased more rapidly 
that the percentage of water decreased. To explain this unexpectedly 
rapid increase he proposed his hypothesis of “unfree” water mentioned 
above, assuming that this “unfree” water both is unable to take part 
in dissolving the soluble matter, and so does not form part of the 
volume of the solution, and does not freeze. 


His hypothesis assumes that all the soluble matter is dissolved 
in the "free" vortion of the water. The latter being less-in amount 
875 
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than the total water, the solution is more concentrated than if the 
whole of the water functioned as a solvent. 


He found that different soils when frozen with like amounts of 
added water had veryddifferent freezing points, the finer textured 
ones showing the greater depression. This he considered conclusive 
evidence that their solutions were more concentrated, and accordingly 
that the finer textured soils were either richer in soluble matter, 
or were able to cause more water to become “unfree”, or more probably 
both. 


To fix an empirical relationship between soluble matter and oo- 
served freezing point depression, he froze aqueous extracts of soils, 
portions of the extracts being then evaporated to dryness to deter- 
mine thé dissolved matter. As a result of a number of such deter- 
minations (19) he concluded that a depression of 0.0032°C indicates 
100 varts dissolved matter per million parts of water. Ina later 
paper (20) he arrived in a similar way at a value 0.0040°C - 100 
parts per million. On the basis of this empiric value he computed 
from the observed freezing point depressions of moist soils the con- 
centration.of the solutions of a great number of soils, and concluded 
that the concentration varied greatly, and was much greater than pre- 
viously had been generally supposed. He found a minimum moisture 
content, below which a soil could not be frozen, this varying with 
the texture of the soil, and stated that this limit corresponded ap- 
proximately to the wilting point as determined by Briggs and Shantz 
(27). He observed that with successive freezing and thawing of the 
same sample of moist soil the depression became less, and devised a 
method for measuring the volume of the "unfree" water by measuring 
the expansion of a soil when frozen in a dilatometer. 


PARKER'S2WORK ON THE FREEZING OF SOILS AND SOTL SOLUTIONS. 
Parker (39), (40) in 1921 reported studies of the freezing 
points of soils, using benzene and nitro-benzense as well as water. 
He confirmed Bouyoucos! observation that with water the depression 
of the freezing point increased much more rapidly than the moisture 
content decreased, and further found that the same generalization 
holds true, when any of the three liquids are frozen in other finely 
divided, insoluble and inert solid materials, of which he used alum- 
inum oxide and silica, but offers a very different explanation. He 
holds that when the ratio of liquid to solid is low, the force of 
adhesion between liquid and solid causes a depression of the freezing 
point of liquids in finely divided solids, even when no soluble mater- 
ial is»present. Accordingly the depression of the freezing point of 
a moist soil that has not been freed of its dissolved material by 
washing would be additive, being due partly to the solid insoluble 
portion of the soil and partly to the material in solution. With 
this interpretation it was evident that the concentration of the soil 
solution cannot, except at.very high moisture contents, be measured 
by the freezing point method, because the use of the latter assumes 
that the finely divided material of the soil does not affect the 
875 
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freezing point of the soil solution. However, if the depression due 
to the finely divided solid matter could be determined and this sub- 
tracted from the observed freezing point depression, the concentra- 
tion of the soil solution could then be determined. 


Parker determined the freezing point depression of 12 washed 
samples at their moisture equivalents, these consisting of 8 mineral 
soils, one peat soil and of kaolin, silica, and aluminum oxide. 


He took 100 g. samples of each, washed these with 1200 to 1500 
ec. of distilled water to remove soluble matter, after which the 
samples were dried at 105°C, and the moisture equivalent determined 
in the usual manner. After centrifuging the freezing point deter- 
mination was made, but he does not state whether the same portion 
used for the freezing point determination was later used for the 
determination of the moisture content of the centrifugal material, 
or whether separate portions were used for the two determinations. 


He found that for these samples at the moisture equivalent the 
freezing point depression due to solid matter was nearly constant, 
about 0.050°C. 


He attributes the depression in excess of this constant to dis- 
solved matter. Hence a determination of the moisture equivalent of 
a soil and of its freezing point at that moisture content would per- 
mit the calculation of the salt content. He points out, however, 
that it would be both more convenient and more accurate to make the 
determination at moisture contents above saturation, and so entirely 
eliminate the depression caused by the solid material. (See Table A). 


Table A. 
Freezing point depressions of washed soils at their moisture 
equivalents as found by Parker*, 


Soil Moisture Equivalent. Freézing Point Depressions. 
Plainfield sand 4.73 0.076 
Fine sandy loam 12.49 2057 
Mellon loam 16.359 -053 
Silica 19ei4 »O37 
Aluminum oxide 21.556 043 
‘Carryington silt loam oe 055 
Superior clay 21.84 e062 
Knox silt loam 25.40 ~057 
Miami silt loam 26.47 ~052 
Silty clay loam 55029 -061 
Kaolin ols pe -046 
Peat bee OED .O61 


#(From Parker, F, W.) Soil Science XII, P.228 rearranged). 
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For the purpose of removing the soil solution from the solid 
matter in order that its composition and properties might be studied, 
Parker (39) used Ischerekov's alcohol displacement method and con- 
firmed the latter's conclusion that in this displaced solution the 
concentration of at least some solutes is the same as before the re- 
moval. He concluded that although in some respects alcohol is to be 
preferred, other displacing liquids may be satisfactorily used. He 
was the first to determine the freezing points of such displaced ~ 
solutions. Both analysis and freezing point showed that the concen- 
tration of the displaced solutions varies inversely as the moisture 
‘content of the soils from which they were displaced. The freezing 
point depression, however, was always less in the solution than in 
‘the original moist soil, and the drier the soil the greater the dif- 
ference. This confirmed his conclusion that the temperature of 
freezing is determined not only by the concentration of the solution 
but also by the area of the surfaces over which the solution is 
spread as film. From the inverse relationship between the concentra- 
tion of the displaced solution and the total moisture content of the 
soil it was evident either that Bouyoucos! "unfree" water is dis- 
placed from the soil and dilutes the solution, or that as Parker con- 
cluded there is no such “unfree” water. In some cases he was able 
to displace an aqueous solution from soil so dry that all the -water 
present should have been "unfree" 


Bouyoucos in his reply (15) to Parker's articles seemed to ad- 
mit his inability at that time to disprove the latter's explanation 
of the observed freezing point depression, but seemed not to accept 
it completely. He pointed out, as a result of more recent work, 
(16) that while soils below the saturation point show less depres+ 
sion at freezings subsequent to the first, the original greater de- 
pression is restored if the soil is gently stirred before the final 
freezing. He explains that the freezing causes a movement of water 
from the smaller to the larger capillaries. 


In spite of the work above mentioned, as well as that of Fisher, 
he still employs the term "unfree" water in the same sense as before. 
(See “Heat of “ae as a new means of estimating the colloidal 
material in soils", by George John Bouyoucos, in Science, Oct.3, 1924.) 


WORK OF HOAGLAND, BURD and MARTIN. 

Hoagland (31) in 1918 reported freezing point determinations on 
14 soils which were used by him and his co-workers in a series of 
soil-tank experiments. The freezings were made upon the soils be- 
fore the crop was planted, at intervals during its growth and after 
it had been harvested, and the results compared with those from the 
analysis of water extractions of the same soils, which were reported 
at the same time by Burd (23). He accepted Bouyoucos' hypothesis of 
unfree water, and devised a method for the computation of the amount 
in any soil without the use of the dilatometer, something that 
Bovyoucos had not been able to do. Hoagland computed this value 
from the freezing points of the same soil at two different moisture 
contents, one about 5 per cent greater than the other. He repeated 
the determination of Bouyoucos! empiric factor and arrived at the 
same value, 0.0032°C. 
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He compared the freezing points of cropped and uncropped soils, 
and found that the depression was less after cropping, and that it 
remained less for at least 8 months after the crop had been harvest- 
ed, while incubation of the moist soil increased the depression. 
There was very good agreement between the freezing point determina- 
tion and the amounts of dry matter found by evaporating the water 
extracts, although he concluded from the freezing points that only 
about one half the soluble matter found in the 1.5 water extracts 
had been in solution before the extraction. 


Although Hoagland's paper reported many determinations of the 
freezing points of soils, together with the amount of water in the 
soil, in the case of the finer textured soils, most of them were 
lower than the moisture equivalent, which Burd (23) reported for the 
same soils, while in the coarser ones it was higher. He seems to 
have followed Bouyoucos'! practice, and used an arbitrary convenient 
amount of water, which is greater for fine soils than for coarse 
ones, but used no exact system in deciding just how much water should 
be present. Such samples as were frozen with amounts of water ap- 
proaching the moisture equivalent have been selected from his paper 
for presentation in table No. B. As the freezing point changes so 
rapidly with change in moistness the number is limited to those with 
water less than .6% away from the moisture equivalent. The data are 
quoted to show that the depression ranges from very low to moderate- 
ly high. 


Burd and Martin (24) report extensive studies of soil solutions 
displaced from moist soils by water, in a manner somewhat similar 
to the alcohol displacement advised by Parker, not however at the 
moisture equivalent, and often not near that moisture content. Most 
of their determinations of concentration were made by conductance 
methods, although freezing points are reported in a few instances, 
both of the soils and of the solutions displaced from them. Like 
Parker, they found the freezing point depression of such solutions 
less than of the soils from which they were displaced. In some cases 
the difference was small, and in others very large. 


Hoagland and Martin (32), as a result of determination of the 
freezing point on washed aluminum oxide and water,.concluded that 
Parker's belief in the power of merely finely divided solid matter 
to depress the freezing point is unproved, but admitted that the de- 
pression of moist soils is greater than of the solutions displaced 
from them. 
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Table No. B. 


Freezing point depression of soils near the moisture equivalent. 
(From Hoagland's data*). 





Soil Moisture Water in Depres-= Reference to paper 
Equivalent sample sion by Hoagland — 
percent. elere page. date. 

re 135.31 13.6 O.UaL 380 FOCus .o0: 

8 8.06 ace ae ‘ May 7. 

9 9.87% 9.7 .092 e Oct. 25. 
10 18.38 7.8 »O74 384 OChe jaa 
41 16.28 16.35 »052 380 Aap. 21. 
12 9.72 9.6 O77 581 May 1. 
14 ; 17.99 cr aa SOS " July Sl 


* The moisture equivalents are taken from the paper by Burd 
"Water Extractions of Soils as Criteria of their crop producing 
Power" J.’Ag. Res. XII, No. 6. 
The Freezing point depressions from Hoagland's 
"The Freezing point Method as an Index of Variation in the Soils 
Solution Due to Season and crop growth." 
J. Ag.. Res. XII, No. 6 


BOUYOUCOS! DILATOMETER STUDIES. 


The expansion of water on freezing was found by Bunsen tc be 
0.0907, and by Foote and Saxton (27) 0.0932. The latter workers 
have computed the water freezing in colloid gels, assuming that the 
expansion for such water is the same as for water in mass. Thev réc- 
ognized the need of experimental proof of this assumption, but thought 
it was furnished by their experiments with mixtures of lamp black and 
water which on freezing showed the same expansion as for water alone. 
From their measurements of the expansion upon freezing of various. 
gels (lamp black, silica, alumina, etc.) they found that a part of 
the water froze at -6.0°C, or above, and another part at lower temper- 
atures. They called the former "free water", the latter "apparent 
capillary water", and that which seemed not to freeze at all "come 
bined water". In the case of aluminum oxide they found some capil- 
lary water changed to free by repeated freezing, but there was no 
such change with lamp black. 


Bouyoucos (7), who had already concluded that some of the soil 
water is not free to act as a solvent and probably is unable to 
freeze, recognized in Foote and Saxton's work an analogy to his prob- 
lem, and adopted the dilatometer method to use with soils, with the 
hope of being able to measure the “unfrec" water. He divised a new 
form of dilatometer, which is more convenient for filling than those 
formerly in use. (See Fig. 3.) 
875 
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Instrument. 


This Bouyoucos! dilatometer is a closed cylinder of glass with 
rounded top and bottom, with a stoppered opening for filling, and a 


hollow graduated stem, extended upward from near the top, for reading 
the expansion. 


Method. 


The moist sample of soil is weighed and placed in the cylinder, 
which is then filled with some liquid that is immiscible with water 
and mobile at low temperature. The dilatometer is closed with a E 
tight stopper, and placed in the freezing bath which has previously 
been adjusted to the desired temperature (-1.5°C.), and cooled to the 
temperature of the bath, which must be closely controlled. When the 
cooling is done, indicated by the coming to rest of the top of the 
liquid in the stem, the amount of liquid is adjusted so that the top 
of the liquid column is near the lower end of the graduated portion 
of the stem, and its position is read and recorded. The freezing is 
then started by jarring or rubbing the instrument, or by placing it 
in a still colder bath. If the latter method is employed the dilato- 
meter must be returned to the warmer bath as soon as the freezing be- 
gins, which is indicated by a rise of the filling liquid in the stem. 
Since the instrument and its contents remain at the same temperature 
as the surrounding bath, no correction needs to be made for change 
in volume of either soil or filling-liquid, while the expansion of 
the water in freezing is shown by the volume of filling liquid forced 
up into the graduated stem. When the column comes to rest, the col- 


umn is read a second time, and the difference taken as the amount of 
expansion. 


As the amount of water in the moist sample is known and the ex- 
pansion observed is assumed to be the difference between the volume 
of the ice and that of the water from which it is formed, the volume 
of water frozen may be computed from the expansion. Bouyoucos used 
the factor 10, that is 1 volume expansion indicates 10 volumes of 
water frozen. 


Using this method, Bouyoucos found (7) that part of the water 
froze near the same temperature as water in mass, a part at lower 
temperatures, while a part remained unfrozen at the lowest tempera- 
tures he could use (-78°9C.)- results similar to those obtained by 
Foote and Saxton with colloidal gels. The readily freezing portion 
he regarded as identified with his “free water" which he had announc- 
ed to carry all the soluble matter in the soil solution. The second 
portion he called capillary-absorbed water, (instead of the "apparent 
capillary water" of Foote and Saxton), and for the third portion, not 
freezing at all, he retained Foote and Saxton's term “combined water". 
He arbitrarily fixed the temperature of -1.5°0C as the boundary be- 
tween the "free" and the "unfree". As he found that most of the 
"capillary absorbed water" which froze between -1.5° and -78.° would 
freeze only a few degrees below this upper limit, he placed the lower 
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limit, for convenience sake, first at -12° and later at -4.0°. The 
difference in results whether he cooled to -4.0° or to -78.Q00was very 
slight. The temperature limits and in part the nomenclature adopted 
by Bouyoucos are different from those of Foote and Saxton, although 
the principles and phenomena discussed are very similar. - 


He found all three forms of water present in most soils, but 
their proportions varied widely. He concluded that the unfree. water 
is constant for each soil no matter how great the total amount of 
water. He observed that repeated freezing and thawing caused an in- 
creased expansion, which he interpreted as the changing of some of 
the unfree water into free, and associated this increased expansion 
on freezing with the previously mentioned diminished depression of 
the freezing point observed after repeated freezing and thawing. 

His dilatometer studies showed that the amount of unfree water was 
greater for the finer textured soils. He concluded that the combined 
water was about the same as the maximum amount mentioned above that 
could be present in a soil that could not be made to freeze, which he 
had earlier announced is about the same as the wilting coefficient as 
fixed by Briggs and Schantz, but in later studies concludéd there is 
no close relation, and in still later (9see P. 20) that the “combined 
water" is about the same as the hygroscopic coefficient. 


Parker (41) alone has attempted to verify Bouyoucos' dilatometer 
studies of soils. He determined the expansion in-the case of a few 
soils, and apparently accepts the method as showing correctly the 
amount of water frozen, but attributes the failure of the unfree 
water to freeze to the pressure of adhesion upon the water films, 
e he ee already shown that such pressure lowers the freezing point. - 

p. 14). 


Bouyoucos, almost from the first, has recognized a vague connec- 
tion between the fineness of texture of a soil and the depression of 
its freezing point when wet with a definite amount of water, and sim- 
ilarly between the fineness of texture and the amount of “unfree" 
water indicated by dilatométer readings. However, previous to 
Parker's first papers, he reported but few attempts to determine 
whether any quantitative relation exists between the freezing point 
depression or the dilatometer expansion and any single-valued expres- 
sion of soil texture. He had studied the relation between his un- 
free water and the heat of wetting (9), and established that soils 
with a high heat of wetting also indicated much "combined" water, 
and vice-verse, but it is quite clear that he did not consider heat 
of wetting as a measure of soil texture except in a very general way. 
In one article only (7) he reported the "unfree" water in. six samples 
of which the moisture equivalent values were furnished him by Dr. 
Lyman Briggs, but on even these he seems not to have determined the 
freezing points, and certainly not when brought to the moisture equi- 
valent. He makes no mention of moisture equivalent as a measure of 
texture, and seems to have regarded the indefinite connection noted 
as merely incidental to a greater salt content and a greater activity 
of whatever force caused the water to become unfree, - a force that 
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he never defined, but seems to regard as more chemical than physical, 
Soon after Parker's work appeared, Bouyoucos (15) published data com- 
paring. the heat of wetting, the moisture equivalent, and the unfree 
water of 25 soils. He found no constant relation between the mois- 
ture equivalent and either of the other values. He critisizes the 
moisture equivalent method as unreliable, stating that it gives re- 
sults in some cases higher by 25 percent than thetrue moisture equi- 
valent, but not indicating how he arrived at that conclusion. In the 
same article he recognizes that the moisture equivalent is in some 
degree a measure of soil texture, but points out that colloidal. and 
organic matter are recongized as "affecting this value. He states 
that "at least one more property is coming into play that affects 
the results appreciably, namely: the activation or nature of the 
surface”, It is not clear what Bouyoucos had in mind in using the 
term "activation of the surface". In the earlier paper on unfree 
water and heat of wetting (9) he argued that the heat of wetting is 
evolved by the water in passing from the liquid state to whatever 
solid state it (in his opinion) has as combined water, using repeat- 
edly the two terms water of hydration and water of solid solution in 
describing it. He states that all the energy which is manifested as 
heat of wetting is furnished by the water, the soil acting merely as 
a “provaecator" In this paper he states ‘this specific or selective 
attraction or affinity of the solid materials for water is not due 
entirely to the magnitude of the surface of the solid materials, but 
principally to the chemical nature of the materials" There thus 
seems no doubt that when he used the term ' 'activation" he had in mind 


some ability to form chemical combinations with water. His data are 
quoted in table D: 


KEEN'S INTERPRETATION AND BOUYOUCOS' REPLY. 


Keen (33) taking Bouyoucos! data, made an independent inter- . 
pretation of these and concluded that, contrary to Bouyoucos' opinion 
the amount of unfree water varied in the same direction as the total 
water present. His summary included the following statements." 


"(1) The water rendered unfree is not a constant amount, but 
varies with the total moisture content: 


(2) A definite relation exists between the free, unfree and 
total moisture, expressed by the equations: Yn = cMn, 


i i 
AM Ge cal Yor ses 0, 
cx 


where c and x are constants for any one soil. 
Mn = total moisture content. 


Yn = free water. 
2n = unfree water. 


*Keen - Jour. Ag. Science, Vol. 9 - P 414. (1919). 
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14 
Table D. 


RELATIONSHIP FOUND BY BOUYOUCOS BETWEEN HEAT OF WETTING, 
UNFREE WATER AND MOISTURE EQUIVALENT. 


Soil Nos. Soil Type Moisture Unfree Heat of 
Bquivalent Water Wetting 
Percent Percent QOC. 
= Sand 5.8 1.55 0.2 
2 Californiz Hardford sandy loam 15.0 ioe 0.8 
4 Ohio silt loam elo 5.6 oO. 
3 Ohio silt loam poe 4.6 0.7 
8 Rhode Island sandy loam Bist 6.0 Tok 
9 Michigan silt loam 25.5 2D ae 1.65 
10 Wisconsin Superior clay aoe 10.75 1.95 
6 Pennsylvania 28.9 5.00 Gag 
5 Cornell silt loam eaed 5.29 0.9 
7 Pennsylvania silt loam 29.2 7.0 Aad 
14 Minnesota Clyde silt loam 29.8 21.0 2.55 
22 Michigan clay loam 50.2 15.6 Zee 
13 California Willows clay 52.2 Aen 2.e 
ry California Capay clay 35.5 Pak 2.0 
20 Illinois black clay loam 54.0 14.7 5.5 
19 Illinois clay loam 55.8 14.5 3.5 
16 Illinois clay loam 56.5 pac 2.9 
15 Minnesota black surface 36.5 14.0 2.85 
18 Iowa Carrington clay loam 56.5 16.0 3.4 
17 Minnesota Fargo clay 59.0 16.0 5.0 
oe California Merced clay 40.2 L726 4.0 
25 Wisconsin black clay loam 46.7 20ag 4.9 
ae California Stockton Clay abode 49.5 Ley 4.1 
24 Muck 95.5 s%.0 8.0 
25 Muck 147.0 67.0 12.6 


Note. - In this table the samples have been arranged in order of in- 
creasing moisture equivalent. 


Taken from Bouyoucos Paper Heat of Wetting, Moisture Equivalent and 


Unfree Water Soil Science XIV, 2455, (1928). 


SS 











(3) The proportion of free to total water continually decreases 
and that of unfree to total continually increases as the total 
moisture diminishes in amount, over the experimental range. 


(4) The actual amount of free water continually decreases as 
ths total moisture diminishes. 


™5) The same general conclusions on the relations existing be- 
tween the soil and its moisture content that were drawn from the 
writer's experiments on the evaporation of water from soil, follow 
875 
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again. The soil colloids must be considered as primarily concerned 
in the relations: the soil water present is subjected to the same law 
over the whole experimental range and the various constant and criti- 
cal points shown by soil at varying degrees of water contents are 
approximate equilibrium values only and do not indicate any break 

or abrupt change in the physical condition of the soil moisture." 


In a second paper (34) the same year, Keen considered Bouyoucos! 
findings in regard to the characteristics of the free and unfree 
water, and while he regards Bouyouccs! explanation as tentative only, 
he holds that the results emphasize the need for recognizing that 
the soil and its water must be considered as a definite system whose 
parts cannot be considered apart but must be studied as a whole. 


Bouyoucos' latest paper (10) Gealing with dilatometer measure- 
ments, appearing in 1921, is in the nature of a reply to Keen's (33, 
34) two papers. He made new determinations on a number of soils and 
published data which he claimed to show that the unfree water in a 
soil is the same in amount whether the soil is very wet or compara- 
tively dry. The differences, which he considers slight, he explains 
by supposing that in the drier portions, some soil particles did not 
come into contact with the water, and therefore were not wetted and 
thus could not make any water unfree. 


Table E is Bouyoucos' table 1, with a final column added, show- 
ing the percentage increase in total unfree water, and in combined 
water for each soil, comparing the wettest and driest portions. This 
column does not support Bouyoucos! claim that the results disprove 
Keen's conclusion. 


THE MOISTURE EQUIVALENT. 
The moisture equivalent of a soil may be defined as the number 
of parts of water per hundred parts of dry soil that are retained 
when the soil is saturated with water and then brought into equili- 
brium with a centrifugal force of 1000 times gravity. It is an ar- 
bitrary value, the determination having been devised by Briggs and 
McLean (25 and 26) expressly to give a single-valued expression for 
texture. It always is a Gesirable supplement to the much more time- 
consuming mechanical analysis and for some purposes may wholly sup- 
pilent this. The determination is rapid and replicates are concordant. 


Method: The air dry soil, first thoroughly mixed (sifted if 
necessary) is placed in a square metal moisture cup, with a bottom 
of fine wire gauze, first covered by a false bottom of filterpaper on 
which the soil rests. The amount taken, usually about 50 g. for 
soils of average texture and organic matter content, is such that 
after the centrifuging the soil will be about 1 cm. deep in the cup. 
The sample is then saturated by placing the cup in a metal pan, the 
bottom of which is covered with water so that the lower third of the 
soil sample is submerged. After abcut half an hour, by which time 
the soil will have become thoroughly saturated throughout, 
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TABLE E 16 


Amount of water rendered unfree by soils at different moisture 
contents, hygroscopic water not included, 
Increase 
from driest 
to wettest % 
Coarse Sand ‘ 
Moisture content, percent 5.00 7.50 10,00 12.50 15:00 75.00 


Total unfree water ¥ T:2he BESRLolyeOu rl Sab Ae, Sue eae 34 

Combined water % O82 (OPER°hO. 92) 1OV68 ceys4erk 05 25 
Mecium Fine Sand 

Moisture content " 5eO@ot7S50 10,00 22° 50R 1S .00n7 5400 

Total unfree water " $286¢0048.96(b257)1 1.85. »Pea Cerise LT 

Combined water e SePbtr i FOF) 1o38ce1 045) Chas ae ene LF 
Fine Sandy Loam. 

Moisture content 2 ¥.5QWRLO<O0' Le. S003.5,00717 . 50085200 

Total unfree water 8 Coen SeTouUR4wOOlLUt.Oc L450%50 74756 " 

Combined water . 2.45. 8.18 2.85 2.34 2 268 cere 14 
Loam 

Moisture content " 12;.50035300 171. 50r20:00 5700 

Unfree water n SeSGniSor7 «Gs¥5i oecssaanBlee = 

Combined water Z &:Sbn di S5ec49h6era: 73. Agee 9 
Silt loam. 

Moisture content ‘ 12::50°435.00' 47550420206: 75200 

Unfree water 9EN%51 "9, 553595 52a 9t Bin . O2Se4 qt 

Combined water " Ds ib, 4eMepson Besblrisse> 3 
Silty Cliey Loam. 

Moisture content : 45900 17550520; @0 22.60) 76300 

Unfree water " LO V6e 142.03" 1Ssy65* b4.04°14525 S 

Combined water a" ¥, S2ce7e6ticv.2e 7.75 7.92 5 
Clay Loam 

Moisture content ¥ L5SO0) WoO 20.00) 22.50 75,00 

Unfree water Ht LS,de7- 12.85. 18,67 13.24 15.6%: 4 

Combined water : eee, Y,42 Fely 7.04 7,58 4 
Humus clay loam. 

Moisture content “ i7.50 20,00 22350 25.00 35200 

Unfree water = i.e 15.88 15.95 15.61 Tees 8 

Combined water uy Bylo 6,22 9.05. 8.82) 9S5s 5 
Clay 

Moisture content ‘ S0.00 22.5025 /00e27. 5077 aeoo 

Unfree water u #2565 15,18 04 92 AS 6. oes 5 

Combined water " 3.08 Sacs 935) "9245 V9Ree 7, 
Clay 

Moisture content a 26,00 22.50: 25.00 27.50 75,08 

Unrree water " Lane Le46 25.18 15.62 36.85 4 

Combined water : VODs, JOV65. 1O656 JO.8h Tis 6 
Muck 

Moisture content : 80.00 100.00 120.00 140.00 200.00 

Unfree water ; : 63.82 64.15 65.16 64.23 65.28 2 

Combined water " AD Oa tee Ooo 42.901 ASeo0 44.219 4 
Peat 

Moisture content ' 80.00 100.00 120,00140.00 200.00 

Unfree water : 69.25 70.15 69.18 70.55) 71.15 5 

Combines water m Stee 51.99 82,18 52.62 585.95 &S 


Table No. From Bouyoucos: “The Amout of Unfree Water in Soils at 
Different Moisture Convents". Soil Science Vol, II, P. 258. 
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the cups: are transferred to ancther pan, the bottom of which is 
covered with blotting paper, tne purpose of which is to remove a part 
of the water of saturation, the samples, vrotected from evaporation, 
are left in this pan for several hours, over night usually, to 
"temper", so that such a structure will be retained by the sample 
as to permit the escape of the excess water during the following 
centrifuging. After the tempering the moisture cups are fitted, 
bottom outward, into the flat cylindrical drum of the centrifuge, 
(See Cut, Fig. 2) which accomodates 16 at a time - enough for 8 dup- 
licate samples. The centrifuge is then whirled at 2440 revolutions 
per minute, which gives a centrifugal force of 1000 times gravity. 
This speed, which-is controlled by an automatic governor, is main- 
tained for 40 minutes, after which the samples are removed and their 
moisture content determined by drying at 100 to 110°C. 


One particular advantage of the method is that the packing of 
the moist samples is brought about by the uniform centrifugal force 
acting upon them and is therefore uniform - an important factor and 
something that can scarcely be accomplished otherwise. The degree 
of packing is important since it influences not only the total pore- 
space, but also the number of contacts between soil particles, the 
diameter of the spaces, and the angles that bound them. Since the 
values secured by the: method are so uniform and comparible, Briggs 
and his co-workers have developed factors by which other values, 
such as the hygroscopic coefficient, the so-called wilting point, 
etc., may be computed from the moisture equivalent, which is much 
more convenient than determining them directly. 
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BRP cboRiEoMoBON TT Avda 
MOISTURE EQUIVALENT. 


DETERMINATION 





In the case of all the soils dealt with in the following pages 
the moisture is reported as parts of water per hundred parts of oven- 
dvied soil. (p.p.eh.) The moisture equivalent of each was determined 
in duplicate, according to the method descvibed above (p. 315). The 
samples of mineral soil were taken in air-dry condition, except in 
the few cases in which the nature of the particular experiment re- 
quired oven-dried material. All were passed through a 2 mm. seive, 
rejecting whatever could not be made to pass through by using a rub- 
ber pestle. The peat and leaf mold samples were passed through a 3 
mn. seive, and for the moisture equivalent determinations the former 
were not allowed to become air-dry, but only dry enough to permit 
of their being passed through the seive. 


The concordance of the duplicate determinations of the moisture 
equivalent may be seen from the data for 98 consecutive samples - 
89 mineral soils, 3 leaf molds and 8 peats, (table 1). The greatest 
divergence between duplicates for any of the 89 mineral soils was 2 
p.p.h., the greatest average difference for any one group was 1.1 and 
the least 0.]. The agreement is closest with the coarser textured 
soils, and least with the leaf molds and peats, with which there is 
difficulty in securing duplicates that are really representative, on 
account of the varying structure and degree of division of the orig- 
inal material, and the necessary exclusion of grinding in preparing 
the samples. Even with the peats the concordance is fair. 


EFFECT OF LEACHING. 


Samples of twenty soils from Lac Qui Parle County, Minnesota, 
were leached with distilled water in the moisture equivalent cups 
before centrifuging. Each cup with its 50 grams of soil received 
750 cc. of water, poured a few cc. at a time upon the surface of the 
soil, covered with filter vaper to protect it from puddling. After 
this amount of water had been passed through the soil, carrying with 
it any dissolved matter, the centrifuging, weighting, and drying were 
done in the usual manner. In every case there was a slight increase 
in moisture equivalent, this varying from 0.1 to 3.2 p.p.h. with an 
average of 1.5. Table 2. 


The observed increase in the moisture equivalent is in harmony 
with the findings of Sharp and Waynick (44) who, as a result of 
moisture equivalent determinations upon soils first treated with 
salts and then leached, suggested that the removal of salts increases 
the moisture equivalent. 
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Table 1 - Concordance of duplicate determinations of moisture equiva- 
lent. Part A. Illustrated by data from 90 successive samples. 


Part A. 
Range in Number 
moisture of Moisture equivalent 
equivalent Samples Average Difference between duplicate determinations 
greatest least ... average 
p-peh. D.p.8. Hepes p.p-h. 
Mineral Soils 
Ske? 4) ie 5 1.9 nts Cee. Dee 
sikh ie) p- Oued S 5.4 ars att ar 
4.7 - 8.7 7 Gre mS 5a ae 
9.0 10.9 9 OL bab .O gts! 
11.8 - 18.4 7 15.4 ~o 0 22 
fa = Gigs 7 50.0 Lo we 4 
22.6 = 24,8 9 Bos 6 1.5 O 6 
25.0 - 26.5 8 29.8 al o 4 
28.0. -. 29.0 8 28.4 9 0 74 
Sbvo, = 31.7 6 41.5 ott oW 04 
34.1 - $5.4 8 34.8 On “e 1.1 
57.0.- 38.5 8 57.6 1.8 evs 8 
40.7 - 42.2 5 41.6 1.0 0 sie 
Leaf Molds. 
59.1 - 64.5 5 63.9 320 aeO 220d 
Peats 
to.) Ss e0tsd 8 176.4 Del 230 220 
Pert “B® Data on leaf molds and peat soils. Moisture equivalent. 
Sample Determination Determination Average Difference. 
2 
Leaf Molds 
a Gage. 64.1 63.1 2.0 
b 63.0 65.0 64.0 2.0 
c 66.0 65.0 64.5 5.0 
Peat Soils 
d 126.0 131.0 Bi 235 ius ee 
e 114.5 L270 bb) 7 2.5 
if 16070 181.0 180.5 iG 
g 186.1 185.5 186.7 2a0 
h 195.0 192.0 193.5 5.0 
of T3620 2015.0 199.5 3.0 
5 149.5 146.5 148.0 5.0 
k 25an.0 260.0 257.5 2S 
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The 20 samples in table 2 were selected because of the contrast 
in freezing point depression, ten of them, group A, showing the 
greatest and ten, group B, the smallest depression for any of the 
samples from Lac Qui Parle county. It was expected that leaching 
would remove more soluble matter from the first ten, and change both 
freezing point and moisture equivalent more than with. the other ten. 
The change in moisture equivalent, however, is no greater in one set 
than in the other, the average for each being the same, although the 
leaching caused much greater changes in freezing point in the case of 
the former.(p, 40-41. below.) 


In another trial the above precaution of leaching in the mois- 
ture cups , so as to obviate any need of handling the wet soil with a 
possible resultant puddling, was not observed. In this, using eight 
soils from Mille Lacs County, 150-200 gram portions were leached on 
Buckner funnels after which the saturated soils were transferred to 
the moisture equivalent cups, using a spoon. 


For conparison the same soils were kept covered with water for 
the same length of time as was required for the leaching, but without 
allowing it to percolate through them, after which they were trans- 
ferred to the moisture cups, and the moisture equivalent determined. 
fable 3. On the average the change is only 0.1 p.p.h. less for the 
prolonged contact with water without leaching than with the leaching, 
indicating that the change in moisture equivalent is due more to the 
action of water than to the removal of salts. 


EFFECT OF IGNITION. 


A large number of soils were ignited and the moisture equivalent 
of the ignited residues determined. In every case it was lowered, 
but data will be presented for only those soils whose residues were 
used also in the freezing point determination. Table 4. 


The decrease in moisture equivalent in a number of cases was 
about the same as the loss on ignition, but in others much greater 
and in one (F) much less. 


Table 2 - Effect of leaching upon the moisture equivalent 


Sample Moisture equivalent 

before after leaching increase 

Group A. 

136 nt.B ota Oe? 
137 28.0 20.0 1.8 
140 28.5 50.0 isT 
158 50.1 cM 1.2 
500 50.2 55.4 cee 
174 31.4 55.2 138 
185 52.5 54.0 1.5 
199 59.0 BO yl el 
200 590.9 56.6 1.3 
207 56.4 59.6 562 
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Group B Moisture equivalent 
Sample before after leaching increase 
49 9.5 Wace 0.7 
77 16.0 16.4 4 
84 eels 21.5 2.4 
501 19.6 olen Sale 
88 19.8 21.0 Te 
98 Boek 25.4 A 
108 Bond 25.6 toy 
148 29.5 50.5 1.0 
151 22.6 51.35 1.7 
152: ooo tr 52.2 2.5 


Table 3 - Effect of leaching and of prolonged contact with water 
ucon the moisture equivalent. 


Soil Volume Number of Moisture equivalent Increase Kept sat- Increase 





of determina- unleached leached urated due to 

water tions : but not contact 
used averaged leached with water 
ccs 

A 1500 4 4.4 4.2 -0.2 4.4 0 

B 2000 4 6.0 6.05 3 Veo eos 

Gi 51500 2 eae 14.9 aa 13.9 poe 

D 1000 4 12ST “28 ok 15.2 oO 

E 2000 3 18.9 20. Lee Oe ee 

F 1500 3 19.6 19.7 atk 20.0 ace 

G 750 4 en. 20.4 Deo 24.3 aie 

H 1500 6 2oeo 26.6 Sak 26.1 aeo 

Average 1.4 Beso 

Table 4 - Change in moisture equivalent brought about by ignition. 
Soil Origin Loss on Moisture equivalent Percentage 
ignition before after decrese decrease 
percent 

A S. New Mexico 1.4 2.8 ro dee 54 

B Western Nebraska 4.0 eis I. 4.1 Se 

CG Western Nebraska 7.0 Sic 6.0 Tao 55 

D Western Nebraska 5.8 LGD 9.6 6.9 45 

E Western Nebraska 7.3 LB AG Oso 8.0 45 

F E. New Mexico eS 20.4 Li. 4.6 ZO 

G W. Nebraska 8.6 AS O20 SO, 56 

H W. Nebraska 10.0 eet afeeieas ORG 47 

I Minnesota T.9 22.8 M760 5.8 25 

J. W. Nebraska 8.0 Zot 9.9 Loe8 58 

K S. Arizona 9.4 26.4 ao 12.4 47 

L E. Nebraska eo 26.4 Loi 9.7 Of 

M E. Nebraska 970 50.8 rS 56 Lene 49 

N S. Saskatchewan 19.2 57.9 CAE ICROY USO 37 
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RELATION OF FREEZING POINT TO CHANGE IN MOISTURE CONTENT. 
The freezing points were determined upon five soils with mois- 
ture equivalents ranging from 22.8 to 4.2. Several air dru portions 
of each were weighed out, the computed amount of water added, and 
the moistened soil quickly and thonoughly mixed by means of a spatu- 
la. The samples were then placed in 1 inch x 8 inch glass test tubes, 
to be used as freezing point tubes, which were then immediately 
closed with rubber stoppers and allowed to stand until the next day 
before making the freezing point determinations. 


The data are assembled in table 5. The freezing point depres- 
sion for each soil increased with increasing dryness of the sample, 
and did so much more rapidly than the moisture content diminished, 
thus confirming Bouyoucos! observations. 


Teble 5 - Freezing point depression of soils at diminishing moisture 


content. 
Soil Tyoe name Moisture Water per 100 Depression 
equivalent parts dry soil 
p.p.h. o¢ 
A Hempstead silt loam eae 24.0 0.124 
ela 145 
18.0 204 
15.0 -007 
PeeU 985 
B Colby siit loam ano 50.6 esd 
28.6 rOTe 
26.6 .089 
18.6 18 
2.0 -470 
216 808 
Pgs 882 
tO. 1,647 
9.6 2.542 
C Colby silt loam 22.0 2200 » 182 
LG.3 - 987 
15.35 485 
1450 -638 
2S wo 828 
D Fargo fine sandy loam 11.4 20.0 0009 
16.8 489 
12.8 -662 
Lie -2905 
E Merrimac loamy fine sand 4.2 oe ~061 
Oa3: O72 
8.1 080 
1.8 L167 
0 Le 
4.2 504 
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Using Hempstead silt loam, with a moisture equivalent of 22.8, 
samples of five different moisture contents were prepared, in the 
manner previously described, vlaced in the stoppered freezing point 
tubes, and these then stored in a smell, tight, wooden box with water 
standing on the bottom, and with sides and top lines with blotting 
paper which was kept wet, so that the atmosphere about the freezing 
point tubes was nearly saturated with water vapor. Each sample was 
frozen four successive times at one or two day intervals, being re- 
stoppered and returned to this box after each freezing. Table 6. 


With four of the five portions there was an appreciable decline 
in the freezing point depression from one freezing to the next. In 
one portion (with 15 p.p.h. moisture) there was no definite change. 


The cause for this slight change in depression at successive 
freezings, has been discussed by Bouyoucos, who in his earlier 
studies attributed tt to a change in the amount of "free" water, 
which in his opinion was increased by the freezing and thawing, and 
served to dilute the actual soil solution, and in consequence to 
lessen the freezing point depression. Parker makes no mention of 
any change in depression due to repeated freezing. Subsequent to 
Parker's studies Bouyoucos (16) observed that stirring the soil after 
it had been frozen and thawed, restored the depression to its first 
magnitude. He explains this observation by saying that the freezing 
and thawing “removed water from the smaller capillaries in the soil 
to the larger ones", and that stirring restores the earlier condition. 








Table 6 - Depression at successive freezings of the same portions 
of Hempstead silt loam. (Moisture equvalent = 22.8). 
Moisture Interval between preparing sample and freezing 
content one day two days three days five days 
eC C C OC 
24.0 0,184 0,173 Q.170 0,150 
2160 ore see «206 ~ 190 
LaLO - 280 5270 ~258 «210 
15.0 .o81 ~405 -086 .090 
12,0 .Gk7 «600 »082 «990 


a LC 


AGREEMENT OF DUPLICATE DETERMINATIONS. 


The freezing point determinations reported in this table, as 
well as in tables 5, 7, 8, 9, and 10 are single determinations, The 
agreement to be expected for duplicate Geterminations of such samples 
is shown in Tables 7 Parts A, B, where the individual freezing point 
depressions for five portions of soil prepared separately in the 
same manner are given. ‘The maximum range among the five at any one 
freezing is 0.027°C, 
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Beginning with table 11 all depressions reported are averages 
of duplicates, with the exception of those tables where the object is 
to determine the concordance of duplicates. The concordance is shown 
and discussed on page Ge and following. 


CHANGE IN FREEZING POINT DUE TO CHANCE IN DISTRIBUTION OF MOISTURE. 


Comparison was made between the freezing points of soil mois- 
tened by the addition of water which was thoroughly mixed with the 
air dry soil, and those of the same soil when the same amount of 
water was added to the surface of the sainple, but without mixing. 
Tnat is, although the amount of water was the same the distribution 
in the first case was made as even and thorough as possible, while in 
the second the water was only distributed as Fast and as thoroughly 
as gravity and the attraction of the soil for water would bring it 
about. The data, Table 7, Part A, show that when soil and water are 
thoroughly mixed together at once, the freezing point changes very 
little at successive freezings, the average being the same at the 
fifth freezing as at the first, but for four of the 5 portions pre- 
pared at the same time the later depression was slightly the less. 
The difference at successive freezings of any one portion was not 
greater than the range in depression at one freezing of the five sim- 
ilar portions. 


The results are quite different, however, when to portions of the 
same soil the same amount of water was simply added to the surface of 
the sample and not mixed with it. Table 7, Part B. . The depression 
at the first freezing was only slightly more than half as great as 
when soil and water were mixed, although there had been 24 hours for 
the water to become distributed through the soil by gravity and cap- 
jiliani ty . 


Each of the five portions froze with gradually increasing de- 
pression at the five successive freezings, and at the last had 
reached a depression which differed from that of the mixed samples 
at the same freezing only by an amount that was well within the limit 
of “errors 


In a similar set of experiments smaller amounts of water were 
applied to the surface of the samples in the freezing point tubes and 
allowed to stand without stirring. Table 8. The results, like those 
in the second part of the preceding table, show a comparatively small 
depression at the first freezing, and increasing depression at the 
successive freezings, aS the water become more thoroughly distributed 
throughout the soil. A point of interest is that the increase in 
depression at successive freezings is greatest with the driest samp- 
les. This effect upon the freezing point of the progressive mois- 
tening of the soil is explained by the following considerations as 
to what takes place when a soil is moistened by simoly adding water 
to the surface of the air-dry sample and leaving it undisturbed. 
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fable 7. - Depression at successive freezings of the same portions 
of Hempstead silt loam moistened with amounts of water 
required to bring to moisture equivalent (22.8). 


Part A. Soil and water thoroughly mixed. 
Depression at successive freezing Moisture 


= 


Time after found 
Portion moistening 1 day 3 days 5 days 8 days 10 days 
9C oC OC OCG oC Bip. 


* 0.078 080 -075 0.85 -O70 22.8 
2 - 080 O72 -075 sOB2 462076 25.9 
3 .078 -087 «085 -087 .088 22.6 
4 O75 -O75 - 080 -O78 .068 oowe 
5 -081 060 .065 -082 .065 aeut 
Average -078 2077 -076 -085 .078 22.6 
Range -008 -027 020 sOll, 4025 


Part B. Water simply added to surface of soil in the freezing point 
tube, without stirring. 


n 0.043 .052 059 «066. ..073 2ae8 
2 037 .052 .055 -9085 .083 2268 
3 -042 .040 -050 6 O72?" @OB0 22.8 
& -050 »060 064 070; . .O60 22.8 
5 -047 -060 -065 W067. + 2075 ola 
Average 2044 -053 ~059 -075 .Q76 Ze. 
Range O15 -020 2015 <O19 .,010 


Table 8 - Depression at successive freezings of the same portions 
of Hempstead silt loam when moistensd with various amounts 
of water, but not mixed to hasten distribution. 






Portion Depression.at successive freezings:n Moisture 
Interval after moistening 2udays 5 days 8 8 days _ found 
oc OC OG De elle 
1 0.057 ~056 -062 AG 
2 52 -062 -0835 19.6 
3 .069 eile ~143 LD 
4 -114 wee lost 15.5 
5 while eee ~558 15.4 
6 -265 ove 2643 11,3 
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A part or all of the surface becomes saturated, and a zone be- 
low partially saturated, while the portion at the bottom may still be 
as dry as it was before any water was added. With the lapse of time 
the water gradually moves from the surface toward the drier bottom 
soil, with zones of intermediate moistness between. If the amount 
of water is not too great, there comes a time when the surface is no 
longer saturated, and if it is not too little, when all of the soil 
is moistened, although it may be a long time before topuand bottom 
become equally moist. If the amount of added water is small, months 
at least would pass before the moisture would become undformly dis- 
tributed. Another series of progressive sones will at the same time 
exist in respect to the soluble matter of the soil, which on account 
of the thorough mixing of the samples is uniformly distributed before 
the water is added. The zone at the top of the sample will be mois- 
tened with least concentrated solution, and the lowest moistened zone 
of the soil will be bathed by most concentrated solution, partly as 
a consequence of the greater amount of water at the top, and partly 
due to the leaching effect of the advancing water. 


If we now consider the effects of the situation just described 
we see that the tendency will be for the observed freezing point to 
be the actual freezing point of that part of the soil that freezes at 
the highest temperature, viz; the wettest. In the case described it 
will be the portion of the soil nearest the surface. If the soil is 
allowed to than and after some time frozen again, the observed freez- 
ing point should become lower with each freezing, until the movement 
of both water and soluble matter has practically ceased, for the 
reason that the surface zone is becoming drier by loss of water to the 
lower zones, and as the solution in it is becoming more concentrated 
by the upward diffusion of soluble matter. Even then, provided the 
amount of added water is so small that top and bottom of the soil 
have not become equally moist when the water practically ceases to 
move, the depression will be less than if the same amount of water 
were uniformly distributed through the soil. 


The data in table 7, part B, indicate that when water enough 
had been added to bring the soil to the moisture equivalent, the 
static condition was not reached until after eight days nad elapsed, 
when the depression was found to be practically the same as for the 
mixed samples reported in the first part of the same table. In the 
Grier portions reported in table 8 some doubtless had not reached 
that static condition. 


This slow distribution suggests that even when soil and added 
water are well mixed, and the water thus only has short distances 
to move, the particles may not all be equally wet unless the propor- 
tion of water is high. 
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FREEZING POINTS OF SOILS WITH AN ARBITRARY AMOUNT OF WATER. 


In nearly all of his work Bouyoucos prepared his samples for 
freezing by adding a definite amount of water to the air dry soil, 
very frequently 20 per cent. 


Twenty four samples of three soil-types from Rice County, 
. Minnesota, were prepared in this way, mixing the water with the air 
dry soil thoroughly but quickly, then storing over night in tightly 
covered tin boxes before the freezing. On the following day the 
samples were frozen to determine the depression, and then dried in 
an oven to determine the amount of water actually present, which of 
course, was more than 20 parts per hundred of dry soil. This excess 
is due to the hygroscopic moisture present in the air dry soils be- 
fore mixing with the added water. Since the finer textured soils con- 
tained more of this hygroscopic moisture, they also contained more 
total water when frozen. This total amount of water present, consid- 
ered as a- percentage of the moisture equivalent, is here termed the 
relative wetness of the soil in table 9. 


In the table the data are arranged in order of relative wetness. 
In general the freezing point depression increases as relative wet- 
ness decreases, but there are striking exceptions as with soils E, 
O, and T. These irregularities may be due to considerable differ- 
ences in the salt content of the soils, but probably in part to the 
irregular distribution of the water upon the soil particles even 
though soil and added water had been well mixed. 


Table 9. - Effect of relative wetness of soils on their freezing points. 


Sample Relative wetness Moisture Moisture Depression. 
water content equivalent 

Moisture equivalent 

Group 1 

per cent p.p.h. °¢ 
A 128 2Lalt 16.9 0.186 
B 100 20.6 20.6 ehiO 
C 99 oiut 244.9 .- 108 
D 94 igce 20.5 ~088 
E 95 20.9 22.6 .190 
F a2 20.2 22.0 - 100 
Average 101 20.7 20.8 ~130 

Group II 
G 88 oi at 24.8 - 180 
H 85 20.6 24.4 2225 
a 84 202 24.1 oboe 
J 85 20.9 op. 1 ~174 
K 81 22.4 elet -240 
L 80 20.5 20.0 e265 
Average 83 21.0 35.5 202 
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Table 9 Coat. 28 


Group III 
Sample Relative wetness Moisture Moisture Depression 
water content Equivalent 
Moisture equivalent 
M 79 24.1 50.3 - 980 
N 78 23.4 50.1 3009 
0 78 Ale Sather pote 
e 1% aoeo 29.0 2007 
Q 76 2248 Sea: 2247 
R 74 2.9 29.5 -465 
Average y ad 22.8 29.6 ~507 
Group IV. 
Ss 73 18.68 2069 soG7 
- 75 eae 50.6 - 006 
U TS Ze 38.8 ~094 
Vv 67 24.9 a? ea 741 
W 66 25.9 Iaad »470 
x 66 Sour 45.9 1.095 
Average 69 oa | S067 -760 


i 


FREEZING POINT DEPRESSION WHEN AIR DRY SOILS ARE BROUGHT TO MOISTURE 
EQUIVALENT BY ADDITION OF COMPUTED AMOUNTS OF WATER. 


Each of thirteen air dry soils of known moisture content, was 
thoroughly mixed with the amount of water necessary to bring it to 
its moisture equivalent, then stored in the closed freezing point 
tubes over night and frozen. The same soils were also frozen in the 
same way with three-fourths and half of these amounts of water, and 
also when brought to the moisture equivalent by centrifuging the 
saturated soils. Five of the soils could not be frozen in the driest 
condition. The object was to determine (Table 10) the depression for 
each soil at the same three degrees of relative wetness, 100, 75, 
and 50 percent, produced by adding the computed amount of water, and 
also at 100 when this was secured by centrifuging the saturated soil. 


Considering first the depressions of the samples moistened by 
mixing soil and water, the depression varies at the moisture equiva- 
lent from .068° to .528°, at three-fourths the moisture equivalent, 
from .182 to 1.0769, and at half the moisture equivalent, from 
gordo to 1,558. 


There is no regularity shown in the rate of increase of the de- 
pression with increasing dryness, although in every case there is a 
marked increase. Of the five soils that failed to freeze at 50 
percent wetness only one showed very great depressions at 100 percent 
and only two at 75 percent. The uniformity of depression at each de- 
gree of wetness is too slight to indicate a constant. The extremely 
variable results may be due to differences in salt concentration, or 
to incomplete distribution of the water in the soil mass. 

875 








— 

é 

* 
DD bs Dio Fs Os 
SRS erga. 












i | “VI quoth 
"se, @.2a8. 8.8L ‘CY 2 =i Pre 
aoe, 3,08" $.s¢ eV + 4 eae 
‘$ee; BLes acs cmSye ~* giet Sey 
Lat. Se e@.a8 TO wt me Tetoy 
ove, e.c ES 33 oy 
BCa.t ©.3h v.as 4} .68 x 
oar. vice v.és " "88 ‘- a egerevA 

sande’ ay ee 
OTerom OT THOUCHE SA SITOL YAO ALA MOHW WOleesAagao THIOW-OnI Sean 
— otis RO _GPAU OMA CeTUTROO TO WOLPTIGGA Ze MMGCAV LUGS a 


Baw ,Jnesaoo ovutciom nwomt Yo effoes yxb tie meettint to fost 
ot i grind ot yreseeosa socaw to Inuome ods dd tw hexiar y : 
Be een sce2 Poeclo aa3 aft bexese nodt ,tusieviupe eavtetom est 
bas ni ov? oels otow altoe emap oAT _.mexoT? baa’ nm Tevo eodut 
me 6|.tetaw To atnvome ozo? Yo ted Bae enftivot-sert? aitiw yaw omse 
B She gaiguticines yd tanolavispe orude. siz OF diguotd nomw oefs 
Beli ocd ai mosort sd don biuoo eftos to avid  .elloe bosaasdas 
02 moleee ged ott (Of oldsT) snimag?eb of saw tootdo sa? .aolstbaoo ~ 
5, «et ,0Of ,caentew oviseler Io eastgebh eoidt emee oft ta Lioe doko 
BAe ~telaw to tmoms besugquoo add gutbbe yd beowbotg ,gmeoteq Oc bua 
ton botetwine edt ncinuvtivineo yd beawoee eaw eid nerdw OOL ts cals 






ee 


" Yd benstetom eolgmes ant lo anotasetgsbh edt tarti gatwebteqod 
» “evidps sivtetom sis t2 asticv notssenqeb edd ,tocaw Bas [roe tx] 
| ,wmelevivpe etuteton ont edtivot-seqdt ts ,°6S8. oF 9880, mort Yael 
mort ,dasioviepe civieltom es tian Fe Bas ,°8TO,f oF BBL. mor?) 
~88E.f oF BVO. 


78h eft Yo ensetoai to etey eit at nwode ytRaeiege om ef etedT | 
& sistent ves. yteve ai dnvodiie ,esenytb gabesetomi d2iw nolsseqg 


06 Ja osaett of halict sany aLtoe ovit edt 10 .essetont bexiam — 
-$ae0teq OOL te enoteazergeb teoin yitev hewore eno ee eee dnssisq | 
“8b doe6 te nolersiqesd to ytimwotiny ae? .tnesteq @F ow? bar 


Ylonetsxe off .Jaojenoo.x ojnoiba: ot tigtle oof ef epentew 10 be 
SQ, 4Moliterineonos tise mt roonoie li lb of evh od yam etiveet sldaidav 


' seam {toe eft ai tetaw ens to no ttudi13 02h egtelqaaat oF 
° ; . 


~~ at ee. alll 


ev 


Table 10 - Freezing point depressions of soils moistened to the mois- 
ture equivalent by centrifuging and to definite fractions 
of that moisture content by adding water without centri- 


fuging,. 
Soil Source. Moisture Freezing point depression 
equivalent Centrifuged :Water added and 


mixed into soil. 
Fraction of moisture equivalent 1.00 1.00 0.75 0.50 


oC oc oC oC 
B Western Nebraska Ges 2043 2098 whos. gh. 108 
G u " a. a Shel . £53 wOD0 At 1S 
D " a 15.9 054 ol 6 OE | peek oe 
B i i wei. 6 Paton / .- 180 BAO = Be 
F E. New Mexico 1B oF oat? AneB, & bit.) oe a 
G Western Nebraska 19.6 -068 Hu5S SeOea eae 
H a it 22, 1 -064 et18 .187 .782 
I Minnesota 22.8 -O75 sOrG - 583 -920 
J Western Nebraska 22.8 -078 26 eS .978 
1S, Arizona 26.0 -092 .- 108 2b ete Soe 
L Eastern Nebraska 25.6 .097 eli72 .264 1.064 
M x z 2902 bes yt5e tao wake Ose 
N S. Saskatchewan Deas ~114 . 208 2020 ~678 





The depression for the samples brought to the moisture equival- 
lent by first saturating the soil with water and then centrifuging, 
exactly as is done in the ordinary determination of the moisture 
equivalent, was less with each soil than for the sample equally wet 
without centrifuging; and on the whole was less variable. The dif- 
ference is to be attributed to the loss of soluble matter in the 
water centrifuged away. 


FREEZING POINT DEPRESSION OF SOILS BROUGHT TO THE MOISTURE 
EQUIVALENT BY CENTRIFUGING SATURATED SAMPLES. 


The freezing point depression of 268 Minnesota soils, covering 
a great range in texture, was determined by the Bouyoucos method, 
after the soil samples had been brought to the moisture equivalent 
by centrifuging, as described above (p./5). 

The duplicate samples of soil, each at just the moisture equi- 
valent, were removed from the cuvs, thoroughly but quickly mixed, 
and duplicate portions transferred to the glass freezing point tubes 
for the freezing point determination, in the manner Bouyoucos ad- 
vised, while two other portions were placed in tared aluminum boxes 
to be dried at 100°-110°C in order to determine the moisture content, 
and thereby the moisture equivalent. 
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There are several advantages in this method of bringing the 
soil to the moisture equivalent rather than by the method of mixing 
with the computed amount of water. 1. The simplicity of procedure 
and certainty of bringing the sample to just the moisture equivalent. 
2. The even distribution of the water throughout the soil. 3, The 
small amount of handling to which the sample is subjected with conse- 
quent lessening of risk of evaporation of water. 


The most serious disadvantage of this method of preparing the 
sample for freezing is, that the soil is wetted to saturation, the 
maximum water capacity, and any soluble matter present is distributed 
through this larger volume of water. As this excess of water is 
thrown off in the later centrifuging it takes with it a part of the 
dissolved material. Accordingly, while the soil is moistened evenly 
and just to the desired degree, the moistening solution is more dilute 
than when the computed amount of water is added without centrifuging. 
In consequence the freezing point depression will be less. Such cen- 
trifuged samples should be expected to show a depression more nearly 
constant as well as smaller than that of soils brought to the same 
moisture content without centrifuging. 


In reporting the data Table 11, the samples are arranged in 
order of moisture equivalent. In order to bring out any general re- 
lation that may exist between moisture equivalent and freezing point 
depression the data from the 268 samples have been averaged in 19 
groups. Table 12. 


The freezing point depressions reported in this table are the 
averages of duplicates, the concordance of which are shown and dis- 
cussed in a later section (p.69). 


The greatest depression occurs with samples of very low moisture 
equivalent, the average for the nine samples with moisture equivalent 
below 3.0 p.p.h. being 0.2710C. For the groups with moisture equiva- 
lent of 3.0 or above, the average depression ranges from 0.0355° to 
0.099°C, with no evident relation to the moisture equivalent. The 
great depression found for the soils of very low moisture equivalent 
is probably due to the difficulty of determining the true freezing 
point (as suggested by Fisher. See 28. Footnote on page 362.) be- 
cause too little heat is released to warm the system to the true 
freezing point of the soil.* The slow rate of heat evolution may 
also have a bearing. 





x Bouyoucos P-9) mentioned the possibility that in some compara- 
tively dry soils the proper freezing point may not be observed be- 
cause too little water is frozen to warm tne mass to its true freez- 
ing point, but his reference to it is so brief and so obsoure that 
it is not certain that he considered that this condition might 
exist even if all the water (unfree as well as "free") could be froz- 
en. He was discussed the amount of only "free" water, and seems to 
have had in mind the failure to observe any freezing at all, rather 
than the recording of an incorrect freezing point. 
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Table 11 - Freezing point depression of Minnesota soils brought to 
the moisture equivalent by centrifuging - determined by Bouyoucos 


method. 

Reference number Moisture Depression Depth of Source Laboratory 

equivalent Section County number. 
nches 

x ae 0.452 61-72 Aitkin 16168 
2 Lio oO 61-72 ¥ 16169 
3 bot - 240 25-36 " 16279 
4 Let 446 25-36 "I 16166 
5 La? Se 37-48 : 16167 
6 1.9 -118 25-36 % 16273 
4 2.6 <OuO 25-36 ' 16289 
8 2.9 -190 13-24 a 16278 
u 2.9 ~ L6F7 13-24 He 16165 
10 5.0 .092 25-36 , 16189 
i Thad .074 25-24 * 16188 
i Suet Oar. 25-36 u 16202 
13 Sanh ~052 25-36 m 16194 
14 Sient .072 37-48 a 16195 
LS 4.0 -0O78 13-24 " 16201 
16 4.0 -088 13-24 iB 16272 
17 4.1 ~049 37-24 a 16203 
18 4.2 -062 49-60 z 16204 
19 4.3 -O82 6-36 . 16295 
20 4.5 «120 6-12 : 16277 
et 4.6 ~070 61-72 : 16205 
a2 4.7 -069 49-60 2 16196 
23 4.8 - 106 61-72 c 16213 
25 Sie ~0359 13-24 # 16193 
20 5.4 sO5k 6-12 it 16200 
26 5.9 2043 61-72 ¥ 16197 
27 5.9 ~059 6-12 re 1627 
28 6.0 -064 13-24 M 16178 
29 6.0 ,OFF 25-36 . 16179 
30 650 -049 6212 y 16187 
31 6.4 ~O062 49-60 . 16212 
32 6.5 »Obe 1-6 s 16270 
39 649 -085 2-6 : 16276 
34 Sia 4 .047 37-48 : 16227 
35 ne -042 25-36 " 16226 
36 hie -058 49-60 Y 16228 
oY 7.4 .044 1-3 8 16198 
38 7.4 -052 13-24 : 16183 
39 739 »030 6-12 Ms 16232 
40 8.5 -058 1-6 " 16191 
41 8.6 ~047 13-24 a 16209 
42 Sian ALoal 6-12 : 16192 
43 8.8 .048 1-2 M 16275 
44 8.9 2042 6.22 : 16182 
45 8.9 -034 16.56 2 16283 
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Table 11 Continued Da: 


Reference Number Moisture Depression Depth of Source Laboratory 


equivalent Section County number 
C 


inches 
46 9.0 .042 1-6 . 16186 
47 9.3 .098 -1 Lac Qui Parle 15155 
48 9.4 .026 25-36 Aitkin 16174 
49 9.5 .042 1 Lac Qui Parle 15156 
50 9.5 .057 to tS Sey 
51 9.5 .059 fT ee pee en 15154 
52 9.6 .038 1=2 Aitkin 16291 
53 9,8 .060 37-48 2 16211 
54 10.2 .059 2-6 u 16292 
55 10.3 .045 6-12 4 16177 
56 10.4 .042 1-6 ' 16181 
57 10.6 037 6.12 " 16208 
58 10.9 025 25-36 e 16173 
59 11.8 033 25-36 " 16184 
60 12.0 .041 13-24 . 16233 
61 220 .028 5.19 " 16287 
62 12.4 035 1.6 " 16231 
63 12.6 .050 25-36 2 16210 
64 12.6 .042 25-36 " 16234 
65 12:8 .029 1-6 a 16176 
66 12.8 022 3-19 " 16266 
67 13:2 .040 19-23 D 16288 
68 15.9 .054 1-6 . 16207 
69 13:3 .039 2-16 _ 16282 
70 14.1 2031 6-12 ” 16172 
71 14.3 .037 4-3 a 16265 
72 14.5 5034 3-5 " 16286 
"3 15.0 .049 1 Lac Qui Parle 15147 
74 15:0 050 2-3 Aitkin 16285 
75 15.8 .085 13-24 " 16225 
76 16.0 042 1 Lac QuiParle 15149 
vt 16.0 2055 qe Hae n  —- 15346 
78 16.0 035 ae Aitkin 16281 
79 16.3 .037 22-72 ¥ 16268 
80 16.5 064 61-72 " 16229 
81 17.0 .032 1-6 u 16171 
82 Tout »056 1 Lac QuiParle 15144 
83 18.4 .043 25-36 Rice 7963 
84 13.1 034 1 Lac QuiParle 15150 
85 18.6 ,048 8 OM eS 
86 19.7 5044 25-36 Rice 7971 
87 19,7 .026 19-22 Aitkin 16267 
88 19.8 .045 i Lac QuiParle 15148 
89 20:8 044 6-12 Rice 7965 
90 20.8 .054 25-36 u 7967 
91 alae ~058 13-24 Jackson 55505 
32 a1. 3 5054 13-24 Rice 7966 
93 2148 049 1 Lac Qui Parle 15137 


9-4 ae -O51 1-6 Jackson 15538 
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Table 11 Continued 33 


Reference Number Moisture Depression Depth of Source Laboratory 


equivalent Section County number 
C inches 

95 22.40 - LOO 25-36 Nobles 5672 
96 22.1 -038 leaf mold Aitkin 16198 
97 22.1. -035 1 Lac QuiParle 15151 
98 Beal. -040 1 " : 151352 
99 22.2 -042 4 x i " 15153 
100 en.6 2099 1-6 Aitkin 16306 
101 22.6 046 6-12 Rice 7961 
102 227 -046 1-12 Fillmore 5643 
103 22.8 .044 25-36 Rice 7969 
104 2269 ~047 leaf mold Aitkin 16269 
105 Bowl 2053 13-24 Houston 5641 
106 fo«e .048 13-24 Rice 7970 
107 235.4 »140 25-36 Jackson 15554 
108 2529 .044 1 Lac QuiParle 15134 
109 24.0 -O050 13-24 Rice 7962 
110 24.0 ~069 1-6 Rice 7964 
TA. 24.2 .068 1-12 Houston 5640 
ie 24.3 5085 25-36 Rice 7947 
ES 24.5 ~055 1-6 Rice 7968 
114 24.4 pons - 25-36 Fillmore 5645 
BES 24.5 »O41 1-6 Rice 7960 
116 24.6 .059 1 Lac Qui Parle 15140 
117 24.6 2204 . 25-36 Nobles 5669 
118 24.8 .098 15-24 - ” 5671 
119 24.9 ,052 25-36 Houston 5642 
120 25.0 7055 1 Lac Qui Parle 15141 
121 2521 [e4ay ~ 13-24 Fillmore 5644 
Tae eden -046 25-36 Rice 7955 
123 oe »049 1 Lac Qui Parle 15138 
124 2566 ~059 1 e w 15142 
VWZ25 25729 2055 a . vw 15045 
126 29.9 -059 13-24 Rice 7950 
127 2529 (O72 1-12 Nobles 5670 
128 26.0 -O61 25-36 Rice 7951 
129 2692 ~O74 25-36 Rock 5675 
130 Owe ~049 i Lac Qui Parle -15136 
231 26515 .O61 25-36 a 14962 
132 26.6 ~062 6te72"" 2 a 14996 
ESS 2150 -053 13-24 " x , 14961 
134 mea WERE 49-60 " q u 14971 
235 Siol -092 Glaze " v e 14972 
136 ies 2833 37-48 " ‘ y 14970 
137 28.0 - 500 252356 * - ° 14989 
138 23.2 »065 6-12 Rice 7949 
1359 eGs2 »sO5L 1 Lac Qui Parle 15103 
140 28.3 wey 25-36 : 14985 
141 28.5 2059 e% . . 15124 
142 2857 2055 at z ¥ 151588 


143 Sout - 066 13-24 " i i 14992 
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Table 11 Continued SA 


Reference Number Moisture Depression Depth of Source Laboratory 


Equivalent Section County number 
; oC Inches 
144 29.0 - O60 7-12 Lac Qui Parle 14960 
£45 29.0 -063 37-48 ™ u u 14965 
146 29.3 .028 37-48 Aitkin 16235 
147 29.4 -068 §~12 Rice 7945 
148 29.5 ~04'7 37-48 Lac Qui Parle 14956 
149 29.5 -069 1-6 Rice 7948 
150 29.5 -068 13-24 Rice 7954 
S21: 29.6 -046 13-24 Lac Qui Parle 14954 
#52 eon .046 13-24 y ” 14979 
P53 29.7 -065 1-6 . ¥ 14959 
154 29 a7 - -085 13-24 Rock 5674 
£55 29.9 -083 1 Lac Qui Parle 151355 
156 10 Re -O79 7-12 Jackson 5552 
LS? 50.1 -068 1 Lac Qui Parle 15108 
158 SOva. ~141 poe, © , . 14984 
159 Ole sO%8 49-60 " 3 " 14964 
160 30.2 ~096 ie Se au : 15128 
161 - 50.4 .053 7-re << , ‘ 14953 
162 OO ey -OVS 1-6 Rice 7944 
163 50.6 oO O-6 Lac Qui Parle 14952 
164 a0 % -068 7-12 " " u 14991 
165 50.8 -050 49-36 " ad 3 14957 
166 J0i28 -065 inm © z a 14966 
167 30.8 « LOS 25-36 " " u 14976 
168 30.8 -O90 13-24 Rice 7958 
169 51.0 -068 1 Lac Qui Parle 15145 
170 Siyeie -064 7-12 " ° . 14967 
371: SI a -O61 61-72" " m - 14965 
172 31.4 ~050 Sire * ® y 14958 
LYS 51.4 -065 49-60 " ” " 14995 
174 51.4 2438 13-24 " " . 14988 
7S SA eee - O60 a u a 15139 
176 Slat .084 37-48." " a 14994 
12737 S19 ~049 25-36 " x " 14955 
178 51.8 .065 252 Se ™ . . 14980 
179 S222 -056 i66° " e 15104 
180 Sede -056 af 2 " 15120 
181 32.4 - O66 1Bh i B 15126 
182 324 « LOS 25-36 Rice 7959 
183 02.9 -063 1 Lac Qui Parle 15122 
184 SB, -O79 7-12 Rice 7957 
185 32.8 145 7-12 Lac Qui Parle 14983 
186 S205 ~124 23-228. ™ u a 14975 
187 DO wil: O64 al " " i 15109 
188 Soak: -087 al: cP fi xt 14993 
189 35.4 -066 di " i a 15110 
190 Do ett ~ Lae 37-48 " ” x 14981 
191 Soles Bye ia 7-12 Jackson 15556 
192 55.6 - 066 1 Lac Qui Parle. 15106 
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Tabi 1 Continued 
Table a: ontinu 35 


Reference Number Moisture Depression Depth in Source Laboratory 


equivalent Section County number 
oC Inches 

193 535.8 -048 1-6 Lac Qui Parle 14977 
194 35.9 ~0) 56 1 bs y . 15119 
195 54.1 074 2 " u Wil Omgehie 
i96 54.1 , LO4 x i a o 15115 
197 34.2 .063 7 : a : 15105 
198 34.8 ~065 1-6 tae ie e 14990 
199 o5.0 - 160 ¥-i2 ™ g a 14987 
260 50.0 ~145 y=26' 6°48 " _ 14982 
2 50.0 ~ 102 1-6 Rice 7956 
202 55.4 .053 1“ Gad. Quay Par le east 
203 55.6 O73 1-6 - . " 14986 
204 56.1 .075 7-12 Rice 79535 
205 56.3 2054 7-12 Lac Qui Parle 14978 
206 56.4 .064 25-36 " ° . 14948 
207 36.4 140 1-6 ? - agi 14997 
208 06.5 -068 1-6 Rice 7608 
209 36.7 .093 1 Lac Qui Parle? 15152 
m0 356.8 eo yz . " z. Pee? 
e 36.8 64.00 7-12 Jackson 15540 
212 37.0 -067 7-12 Lac Qui Parle 14946 
213 a epr 3) a Ly Fats tS " . 14974 
214 ak -057 1 . a . PHL29 
215 37.35 «055 af o " ao 15118 
216 Sis? -083 al . E * 15129 
iy 58.0 »063 1-6 Rice 7604 
218 358.0 - 108 13-24 7 " 14947 
219 38.5 .057 1 " 2 . 15107 
220 08.6 .079 ui 2 : ° 15114 
een 58.7 -095 a + bd u 15130 
222 gon? -055 aE u u 2 15125 
225 38.8 -068 1 , : , 15222 
224 39.3 -065 37-48 " . . 14949 
225 Odiat 067 a . " » 15116 
226 39.9 - 109 1-6 ‘ i 14975 
227 40.7 -090 49-60 " ¥ 14950 
228 40.7 oa? 1-6 Rice 7595 
229 40.8 «hee 1-6 Jackson 15559 
250 41.2 -062 1-6 Rice 7626 
251 41.3 .078 49-60 Lac Qui Parle 14945 
252 4i. -0S2 1-6 Rice 7599 
255 42.2 hey 61-72 Lac Qui Parle 14951 
254 42.6 «403 1 . rt " tole 
Boo 43.6 .078 1-6 Rice 7586 
236 43.8 whe i -Lac QUi ‘Parle 15117 
Bot 44.0 ~O61 1-6 RLCS 7952 
258 45.3 «O92 1-6 a 7622 
239 45.4 OTF 1-6 u 7590 
240 45.7 .089 1 Lae Qui Parle 15115 
241 45.9 7180 1-6 Jackson 15856 
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Table 11 Continued 36° 


Reference Number Moisture Depression Depth in Source 


Laboratory 


equivalent Section County number 
OC Inches 


242 


; 46.8 -095 1-6 Rice 7617 
243 46.9 s052 leaf mold Aitkin 16175 
244 47.2 .062 1-6 Rice 7613 
245 49.9 woo 25-36 Jackson 15598 
246 57.0 O75 1-6 : 15838 
247 58.0 L277 13-24 x 15597 
248 68.1 ~096 7-12 a 15588 
249 60.9 ,O75 1-6 it 15591 
250 Boe soo leaf mold Aitkin 16170 
251 63.4 2121 1-6 Jackson 15852 
252 64.0 -O26 leaf mold Aitkin 16185 
253 64.4 -037 a nl " 16190 
254 64.5 -030 u e " 16206 
200 69.8 - 100 7T=1L2 Jackson 15596 
256 Taye eHOS 7-12 a 15853 
257 Taek -086 7-12 s 15855 
258 U2 .041 leaf mold Aitkin 16294 
259 78.4 sOOn 1-6 muck Jaekson 15840 
260 86.0 -O61 1-6 m 15854 
261 97.0 -097 leaf mold Aitkin 16230 
262 20527 055 5 s n 16280 
263 F180 .052 u a . 16274 
264 129.5 -042 a . a 16180 
265 LeORo JOST Peat 1-6 Mille Lacs Peat 3 
266 186.7 .046 " 1-6 " &*°peat- 2 
267 193.5 .059 8 1-6 7 "''ePpeat # 
268 199.5 ~052 a 1-6 ’ «> “pPeatld 


Table 12 - Extreme and average freezing point depression of 
Minnesota soils grouped by moisture equivalent. 


Moisture Equivalent Number of Average 


Depression for group 
samples greatest least devression 4 
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Table 12 continued 7 


Moisture equivalent Number of Depression for group Average 


Samples greatest least depression 
C OC OG 


37.0-39.9 15 platy, -055 .O76 mineral soils 
40.0-45.9 Ts 5 eed O61 .87 ° : 
46,.0-69.9 14 one -026 .077) muck soils 
70.0-99.9 6 gies -O41 .069) muck soils 
10.0-20.0 7 2055 052 -046 peat soils 
Average of all ~268 - - -O75 





Let us consider the case (somewhat different from that given 
by Fisher) in which we have a samole of 25 g. soil with 1.5 p.p.h., 
Or .375 g. of water. If, when this is supercooled by 2°C, and then 
frozen rather slowly, all the water should be frozen, 30 calories 
will be released to warm the system by two degrees. The known heat 
requirement may be placed rather roughly as follows: 


Ice 0.3575 g. to be warmed 2°C, requires ; 0.4 cal. 
Siac eiee ta ye : (about) .. ene a eae 
Glass freezing point tube (4 being near the sample) 8.0 cal. 
Thermometer, perhaps Ba Cone 


Fouad 20.4 cal. 


If two thirds of the water were frozen instantly instead of 
slowly, only enough heat would be released to warm the system to the 
freezing point, while if the supercooling was 3 degrees, not enough 
heat would be released to warm the system to the freezing point even 
if there was no escape of heat to the surrounding cooling chamber. — 
Experience shows that the freezing is not instantaneous but gradual. 
The loss of heat by radiation to the cooling chamber is thus a fac- 
tor, as the slower the freezing the greater will be the time during 
which heat may be lost. The fact that those samples frozen with 
little water remain at the maximum temperature only a very short 
time, was observed. This confirms the observation of Bouyoucos, who, 
however, obscured his statement of this observation C19.3.:P on Lede 
referring to concentration of the solution as. the explanation. 


The short duration of time at the maximum height of the mercury 
suggests that the maximum temperature observed is not the true freez- 
ing point, but only the meeting point of a rise due to released heat, 
and a fall due to radiation. These considerations make it doubtful 
whether the true freezing point of these coarser textured soils is 
really lower than the more uniform freezing points for the finer tex- 
tured ones. 
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TO THE MOISTURE EQUIVALENT BY CENTRIFUGING. 

In order to determine the effect of prolonged contact of soil 
with water, and of removal of the soluble matter, upon the freezing 
points of soils brought to the moisture equivalent by centrifuging, 
eight soils were frozen by the Bouyoucos method after being subjected 
to these treatments. The soils which range in moisture equivalent 
from 4.4 to 23.5, were prepared in three different ways for the cen- 
trifuging as described above (P. 20-22). 


The freezing point depressions are given in table 15. On the 
average the leaching reduced the depression markcdly, (from .095°C. 
to .0520), but the prolonged saturation without lcsching had only a 
slight effect, reducing the depression only from .095° to .088°. 


Considering the average depressions for each soil separately, 
the first statement holds true for 5 of the soils, while for two 
(H and D) of the other three the difference is moderate. The sccond 
statement holds true in the case of five of the eight as well. The 
effect of leaching is not distinctly greater with the soils of higher 
moisture equivalent, the greatest change being found in the case of 
soil C. with a moisture equivalent of 11.8. 


There is a tendency for the greatest change to be found in the 
case of samples showing the greatest depression in the unleached con- 
dition. The order of magnitude of this depression for the samples 
prepared in the usual way is C A BFGEODH and for the leached 
portions is CA FGBDHE. Of the eight soils two are in the same 
position in both lists, four have changed their positions by one 
place each, and the remaining two by only two places. 


EFFECT UPON FREEZING POINT OF VERY THOROUGH LEACHING OF SOILS 


a 


LATER BROUGHT TO MOISTURE EQUIVALENT. 


In order more fully to determine the effect of leaching upon 
the freezing point depressions, twenty Lac Qui Parle samples reported 
in Table 11 were selected and a new determination of freezing point 
for each made after thorough leaching with distilled water. The 
samples form two groups of ten each, the one, A, comprising the ten 
Lac Qui Parle samples that showed the greatest freezing point de- 
pression, and the other, B, the ten that showed smallest depression. 


In order to avoid having to transfer the wetted soil to the mois- 
ture cups after the leaching, which might have an influence upon the 
values, the leaching in this series of determinations was performed 
after the air dry soil had been placed in the centrifuge cups, in- 
stead of in funnels as hed been done in the series just above reported. 
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Table 13 - Freezing point depression of Minnesota soils first long saturated or 
leached and then brought to the moisture equivalent by centrifuging. 


Determination Moisture Freezing point depression Duration Volume 
soil description equivalent sample - how prepared of satura- of 
after after after tion or of leaching 


usual prolonged thorough leaching 


method saturation leaching 
o¢ Sasnaas om 


p-p-h. °C oC days CC. 

1 A 1-6 in. section of 0.157 -140 -102 lL 1500 
2 Merrimac loamy sand 0177 -182 -126 3 1500 
3 2144 141 -083 5 1500 
4 -- C95 ~O72 26 1500 
Average 4.4 -159 -140 -O96 
1B I-12 in. section of .093 083 089 2 2000 
2 red sandy loam .142 NTS -067 6 3600 
3 -- 2149 093 8 2000 
& -- = LO -109 15 2000 
Average 6.G 12 Sa5 O91 
1 €.1-12 in. section of -176 ae 043 16 1500 
2 Fargo fine sandy loam -040 -- 1500 
Average 11.8 176 ee 041 
1 D 49-60 in. section -027 O21 043 4 1000 
2 red fine sandy loam -067 -038 -027 2 1000 
3 -- - 004 -016 9 1000 
4 -- -019 -027 4 1000 
Average 12.7 -047 -021 -028 
1 E 1-12 in. section of -058 -O76 -059 3 2000 
2 red loam -045 - 047 043 7 2000 
3 -046 s0O5k -036 9 2000 
Average 18.9 050 051 046 
1 F 84-96 in. section of - 100 -083 O71 2 1000 
2 red silt loam -099 ~093 -053 2 2000 
3 089 «O81 -050 : L000 
4 -- -0355 045 6 2000 
Average LOG -096 -C78 055 
1 G 25-36 in. section of -065 G95 -038 4 500 
2 red silt loam -101 -O91 »O75 2 1500 
3 eo? -059 -020 3 500 
4 -083 2082 052 4 1500 
Average 22.1 203 «082 -048 
1 H 1-6 in. section of -- 2015 034 10 1500 
2 Hempstead silt loam 043 -037 -028 2 1500 
3 043 -010 010 = 1500 
4 2029 036 -040 3 1500 
5 2051 -04] - 046 2 1500 
6 -- -O81 -024 24 1500 
Average 23.5 2042 2037 -029 

Average of all determinations -O96 -088 052 
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After the soils had been placed in the cups, just as they would be 
for the moisture equivalent determination, instead of placing the 
filled cups in a pan of water, the distilled water was poured upon 
the soils in the cups, and allowed to leach through, the surface 

of the soil in each cup being first covered with a square of filter 
paper to protect it from mechanical puddling, and the water added in 
small portions. When from 1500 to 3000 cc. of water had leached 
through each of the cups, which contained about 30 g. of soil, the 
samples were centrifuged as described above and the freezing points 
determined. 


Of the twenty soils thus treated, all but one show a smaller 
depression after the leaching Table 14 and with this one the change 
was less than the experimental error. The average for the ten of 
greatest depression fell from 0.166°C to.056°C, while the average 
for the other ten fell only from .042° to .052. The change for 
individual soils ranges from .082 to .2479C in the A group, with an 
average of 5110; and from -.001° to .018 C in the B group, with an 
average of .010°, The percentage of change, based upon the depres- 
sion of the unleached sample, varies in group A from 54.3% to 82.3%, 
but in group.B varies only from -3% to 40.5%. It is very evident 
that with these comparatively uniform soils, leaching causes greater 
change in freezing point in the samples showing greatest depression 
in the unleached condition, 


Table 14 - Change in freezing point depression brought about by 
leaching of Lac Qui Parle County soils, Determined by 
Bouyoucos! method. 


Reference- Moisture Depression Depression of Change 
Number equivalent of unleached leached decrease decrease 
portion portion percentage 
pep-h. Cc. OG. oC. 
A 
137 28.0 0.300 0.053 OF24T 82.5 
174 o1.4 »243 .057 . L386 G5 
199g 59.0 - 160 Ore .088 55.0 
200 55.35 «145 .064 .O81 59.8 
185 52.6 2145 ~O062 .083 572 
158 50.1 L141 054 .O87 6b. 7 
207 56.1 - 140 .064 .O76 54.3 
156 2738 ~133 »051 ~082 es a | 
500 50.2 1350 045 -085 65.4 
140 28.5 12? -040 .087 68.5 
Average - . 166 -056 2220 66.35 


3875 


vor eS » i : * —t 
‘ i ' 


Os M ind toe fo ai pedares4 7) aay 
Ny hale: i. CA s SA 


me eee vont @s teu/ nt Beoalq seed bed elLtoe ett 1odtA 
lh dsber to Recosctd oak sinweteb tnelsviupe oxmdebom oft sot 
sae NOY. paw tovew bolftge tb edd eae to neq s mt equo hellit 
eoaliue ed pti dosel of pewoll s in ,equo eft mt efioe elt 
moditt to » 8 pean betevoo texkt puied quo doses nt-Ltoe edt to 
wt bobbs wedaw pat Labua Lfeotnsrioon ti Joetorq od toqeq . 
hetoeel bad aeean mae «9D 0008 of OO8L mort ae Llane 
ont [toa to .g9 Of tu0da fejnoos doldw ,equo ant Tc 
eentog oe ods bas eyods bod troseb as eagle ee ee ralans 
oinrt 


sofinme gs wodle ono tud Ife besser anda eltos aan odd 0 
Punedo odd ono eis? ctby bus $f olda? gnidosel oft tod te of aaa 
to net ont tot oneteve oat .torre Ietnomitodxe ond natid seel aaw 
ene trove add oltidw .9°88Q.0¢ 0°80L.0 most (lot cotessiqeb seetes 
TO? ogaaro oT S60, OF CSO, mort ylro Lot mod tanto afd 40 
me fidiw ,.quomm A orft at DOVRS. oF 880, mort segnnt enere Taub ke nberk 


ne diiw .quory 4 oft at 9 B10. ot °L00.- moat @ 0i6 33 § ‘tev 
-eotgeb ois Moqv Hoead ,egnatio to 93 fe 9 pees ot ‘sev 
(RO.SB8'05 RELBS gost A a eot e hedos 

tnebive ytev at +1 oka RE- at zine nner os ve gior 


Totnetn coeweo goidossl ,elLhtoe mrotiay Le ee mereecexen a 
—MOiarorqeb gcotnora nutwode aslamae a neal 


totog 
told ibaos beroselay ont oa a 


yo duvods tdguoid notessaqeb Imtog antssett al itaaod - of aaa 
xd bentinreted «el t0e yiavod eiret 19 oa % Bo of 
om ‘soouoyyoR 


satin to moteeetqesd notecsrqed esuteloM <sons ; 
Besert2sh senoroeh. berlosel bodoselau to sine lavtupe eo 






tnr8079q © no tt10 . fo ttro 
c 

A 
5.88 Tas. c80.0 00¢ .0 0.88 * POR 
£,.8T eel. yeo, Gb. $.f al v 
0.ca6 880. syo. OBL. 0.cf ‘ 
8.22 feo. b30. epi, €.cé 
s.ve &a0, $30. ebf, 8.8 
v.13 TAO. Sao. Let. £.08 
oa avo. ba8, Of. £.88 
T.13 ’ $80. fao, cel. 8.vs del 
$.cd 660, abo, 0eL. $.0€)* 008 
‘3.88 TBO, O50, Tei. &.88 Oat 
§.08 Off. 820, baf. - ogsTaNa 

oTs 


Table 14 continued 41 


Reference Moisture Depression Depression Change 
Number equivalent of unleached of leached decrease decrease 
portion portion percentage 
Ded «ibe 0 oc OG 
B 
301 ole .048 .036 e012 25.0 
148 2900 047 -034 2013 hat 
152 29.47 046 .028 sl a9. 
88 19.8 -045 -035 JaL0 Bowe 
108 2529 .044 -031 -O13 Bo 
we 16.0 -042 -025 -O17 40.5 
49 9.5 -042 040 .002 4.7 
98 Baek .040 7,027 .013 Some 
84 age ~054 -033 «002 3.0 
151 Ad@6 2035 -034 -.001 -5.0 
Average - ~042 ~052 -O10 25.8 





Table 15 - Change in freezing point depression brovgeht about by ignition of soil. 


Change in 
Soil Source Loss on Moisture equivalent Freezing point depression depression 
ignition before after before after in- de- 
ignition ignition ignition ignition crease crease 
per cent Be Delish i PabsNen brn. 0 Oe, oC oC oC 
A Southern N. Mexico 1.4 2.8 1.3 0.142 0.203 O61 
B Western Nebraska 4.0 hed 3.8 -100 +134 2034 
C _ 7.0 13.3 6.3 e1ll -187 2076 
D r 5.8 16.5 9.6 054 <O7) nuie 
E i 7.3 18.6 10.3 116 -180 +064 
F E. New Mexico 11.3 20.4 15.8 «279 -163 116 
G Western Nebraska 8.6 21.6 9.5 -068 +053 e015 
H . s 10.0 2267 12.1 -064 +178 -114 
I Minnesota 72-9 22.8 17.0 090 081 009 
J Western Nebraska 8.0 237 9.9 -078 «054 +024 
K S. Arizona G.4 26.4 14.0 -092 2085 +007 
L E. Nebraska 11.3 26.4 16.7 -097 »080 -017 
ee e 9.0 30.8 15.6 2125 094 2031 
N §. Saskatchewan 19.2 57.0 23.5 114 185 O71 
Averaze «109 2125 062 2031 


The explanation for the change brought about by the leaching is 
that it removed soluble matter, so that the solution remaining was 
less concentrated and therefore froze with less depression. The 
greater change in depression shown by group A is due to the greater 
amount of soluble matter they carried, which was removed by leaching. 

EFFECT OF IGNITION UPON FREEZING POINT OF SOILS. 

Samples of the 14 mineral soils dealt with in table 4 were 
ignited in the muffle furnace and frozen after being brought to the 
moisture equivalent by centrifuging in the manner above described. 
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It has been shown above P. 22 that with all these soils, the ignition 
lowered the moisture equivalent, the amount of this change varying 
from 1.5 p.p.h. to 15.2 p.p.h., the former being 54 and the latter 
being 4° per cent of the moisture equivalent for the unignited soils 


With the freezing point depression there was no regularity, 
seven samples showing an increase averaging .0620C, and seven a de- 
crease averaging .051°9C. Table 15. 


The greater number ofthe increases occurred with the coarser 
textured soils - those of smaller moisture equivalent, although the 
soil of highest moisture equivalent in the list also showed an in- 
crease in depression due to ignition. 


If the difference in freezing point depression of materials 
frozen at the moisture equivalent is due entirely to differences in 
concentration of the solutions wetting them, as Parker suggested, it 
would not be expected that the change due to ignition should be in 
the same direction for all soils, since the ignition may expel some 
soluble matter already present, and also produce new, the character 
of the soil determining the amount of each. Thus, the final amount 
in the soil may be either more or less than the soil originally 
contained. 


The results tend to confirm, rather than to disprove, Bouyoucos! 
observation that ignited samples show less depression than the unig- 
nited when both are frozen with the same amount of water, this ten- 
dency being due to the fact that the moisture equivalent is always 
less in the ignited portion, and so with an arbitrary amount of added 
water this portion will be relatively wetter. On the whole, the 
results support Parker's view of the depression being due both to the 
concentration of the solution and to the force holding it to the 
perticles. 


ESTIMATED FREEZING POINT OF SOILS FROZEN WITH 20 PERCENT OF WATER 


ee ee 


ADDED TO THE AIR DRY SOIL. 


————— eee 





Soils moistened with 20 cercent of water added to the air dry 
soil, as Bouycucos frequently prepared soils for freezing, may »e 
either wetter or drier than the moisture equivalent, depending on the 
meisture equivalent and the amount of hygroscopic water in the air- 
dry soil. The latter varies considerably with the conditions of 
storage and humidity of the air, but may be estimated with some de- 
gree of accuracy from the moisture equivalent, as Alway and Clark 
(2) showed that samples in equilibrium with the same air have the 
same ratio between hygrcscopic moisture and hygroscopic coefficient 
and Briggs and Shantz showed that a rather constant ratio exists be- 
tween hygroscopic coefficient and moisture equivalent. If then the 
ratio between moisture equivalent and hygroscopic moisture be estab- 
lished for a few soils in equilibrium with the air under the same 
conditions, the ratio may be used to compute the hygroscopic moisture 
from the moisture equivalent of other soils at equilibrium under the 
same conditions. 
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The moisture pressnt in samples of 14 soils of known moisture 
equivalent was determined, and tne ratio between the two values com- 
puted with results as follows: 

Ratio 

percenc. 
14.0 
8.3 
b— tk 
20.0 
15+0 
11.0 
14.7 
202 
5.0 
20.2 
9.4 
15.7 
15.8 
17 <Q 

Average 14.6 
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The ratio is not constant and probably indicates that some of 
the samples were not in ecuilibrium with the surrounding air, but 
the average probably represents something similar to the average 
condition of samples called "air-dry". 


Using this factor (for convenience taken as 15-100), the hygro- 
scopic moisture has been computed from the moisture equivalent for 
the 3 samples nearest the center of each group in table 11. Table 16. 


The totai water oresent in each sample when moistened by the 
addition of 20 vercent of water has also been computed, and from that 
and the moisture equivalents, the ratios between these values. 


The computed depression of freezing point is found by division 
of thet observed at moisture equivalent, by the ratio of total mois- 
ture to moisture equivalent. We may take for illustration, sample 55. 


Moisture equivalent given = 7.2 
: " & O.15 = let p.p.h. hygroscopic moisture with 100 
grams dry soil, 1.1 grams hygroscopic moisture + 20% water = 20.22 
O. ps. Water added. 
fe. + 20522 = 2heo0p.peu. total water present. 
21.5 + T.2 -z 2.96 ratio total water 
moisture equivaient. 
depression at moisture equivalent 0.0420c + 2.96 ratio = .014°% 
omputed depression. 


The devression at moisture equivalent varies irregularly, from 
-030°C to .4460, the latter in the case of the very coarse soils which 
has already been mentioned as probably abnormal because too little: 
water is present to be frozen. 
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The depression comouted as described, varies from .010°C to 
.2440C., the latter maximum depression not with the coarse soils as 
in the case when frozen at moisture equivalent, but in the case of 
the finer soils, as Bouyoucos observed, 


The soils of low moisture equivalent all (with the exception 
of the abnormal ones mentioned) have very slight computed depression 
while all the samples of high moisture equivalent have greater de- - 
pressions, though they are not greater than found for some samples 
at the moisture equivalent. The difference in the computed depres-~ 
sion between soils of high and low moisture equivalent would no doubt 
be still greater except for the smaller depressions due to the loss 
of soluble matter in the water which is carried away in the centri- 
fuging. 


Table 16 = Freezing point depression of air dry soils f 20 % added 
water, estimated from that of the same samples frozen 
when moistened to the moisture equivalent. 


Refer-:Mois- :Hygroscopic:Total mois-:ratio total:Depression: Estimated 


/sS 








ence ;ture :water(.15 x:ture hygro-:water mois-:at mois- :depression 

Number: equivaszmoisture :scopic + 20:ture equi- :ture equi-:of soil with 

slent sequivalent):per cent svalent :valent :20% of add- 

: ; : ; : :ed water 
We Pye Le Pape oC oC 

4 Lael 02 20.2 11.9 446 0.0358 
5 1.7 0k 20.2 ine «188 ~016 
6 1.9 2d 20.5 dt a eke -O10 
16 4.0 o& 2s ok 52 -088 Ao dh 
a 4.1 6 20.7 5.0 049 +010 
18 4.2 6 20.7 4.9 .062 -013 
28 6.0 PS) ei ed 3.02 064 -018 
2S 6.0 9 2 nak O02 3 O'e 022 
50 6.5 = pl es 3.55 049 Ole 
12) ies Lee elt 2.84 050 «O21 
£0 8.5 143 21.5 2.90 -058 0235 
41 8.6 1.35 21.5 32200 047 Ong 
ol 9.5 1.4 elet 2.208 059 026 
o2 9.6 1.4 en? aeca 038 -OLF 
D5 9.8 Lue Plead Bucs -0S0 we 
62 12.4 te 22.0 1.80 .055 ED 
63 12.6 1.9 2229 arate -050 028 
64 12.6 ro eaeP eee 052 ~029 
70 Law Ba geeo 1.60 -O31 son? 
ek 14.3 oat 2256 1.57 O37 024% 
ie 14.5 esa 2ee8 1.56 034 -022 
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Table 16 Continuea : A. 


Refer-:Mois- :Hygroscopic:Total mois-:Ratio total:Devression: Estimated 
ence :ture :water(.15 x:ture nygro-:weter mois-:at mois- :depression 





Number: equive=moisture :scopic * 20:ture equi- :ture ecqui-:of soil with 
lent :equivallent :per cent :valent >valent :20% of add- 

: ; : : ; Ay ed water 
43 DEpes iets oye) O¢ 
78 L620 2.4 peed 1.435 80550 | .024 
79 £5¢3 2.4 eeue 1.40 -037 026 
BO 16.6 2.95 25.0 1.59 .064 046 
88 L956 3.0 25.6 1519 -045 .038 
89 20.8 Seal Doel L114 2044 ~0359 
90 20.8 oek 2oeT 1.14 .054 047 
105 Zoek 5.5 peas 1.05 ~055 -051 
106 25.2 3.0 22.2 1.04 048 -046 
LO7 250% O29 24.2 1,03 - 140 - 156 
127 2539 on9 24.7 795 sie O76 
128 2660 3.9 24.7 95 .061 064 
129 2622 o.9 24a? ~94 O74 LO7o 
152 Zak £44 25.95 85 -065 .O77 
153 a9aF 4.4 25.5 85 -O85 ~ LOO 
154 Bea? 4.4 25.5 85 0835 .098 
i79 52.2 <.8 295.8 80 ~056 .0'70 
180 S252 4.8 25.8 -80 056 .07 
161 32.4% 4.9 Boa? ~80 066 -082 
202 35.4 5.5 25.6% o 7D: ~055 2072 
206 55.6 Ded 26.4 274 307 098 
204 56.1 5.4 26.5 75 O75 ~ 103 
218 58.0 eM | 26.8 71 LOB JL5S 
aa 98.5 Tel 26.8 .70 -057 ~082 
220 58.6 5.8 2750 «70 .079 ~deES 
255 4242 6.5 27.6 - 66 eacr «195 
254 42.6 6.4 27.7 265 - 103 15 
200 43.6 6.5 27.8 64 .O78 ees 
247 58.0 Su? 50.4 202. sia? eck 
248 58.1 8.7 cO.4 202 .096 185 
249 60.9 QoL 50.9 yok 1073 eee 
257 Toe L tise 03.4 ck .086 2065 
208 T%.3 11.6 35.9 24 .041 093 
259 78.4 bss Daee 044 062: .158 
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46 
EFFECTS UPON THE FREEZING POINT OF THE MANNER OF PACKING OF THE SOIL 
SAWPLES IN THE FREEZING POINT TUBE. 


After the completion of the freezing point determinations re- 
ported above there appeared an article by Fisher (28) “The Freezing 
of Water in capillary systems: A critical study", which deals with 
the expansion of water upon freezing. This suggested to the writer 
the importance of a very carefulyconsideration of the influence upon 
the freezing point exerted by variations in the manner and degree of 
packing of the sample into the freezing point tube, something to 
which no previous investigators have alluded. 


Fisher's paper, which reported no experimental data, deals with 
the change in volume on freezing of the water that is held in annular- 
wecdge-form between soil particles, but does not deal with its freez- 
ing temperature. He argued that, cue to surface tension, a given 
amount of water in such wedges occupies a greater volume thanit would 
as water in bulk, and in consequence upon freezing to ice of normal den- 
sity the increase in volume is less than for water in bulk. He spec- 
ifically agreed with Parker that the freezing point of moist soil is 
influenced by the force (pressure) exerted upon the convex water 
films, causing their freezing-point to be depressed. It would fol- 
low, although Fisher does not so state, that the freezing point of 
the expanded wedge-water would be-raised above that of water in 
bulk. All investigators in this field, however, have found that the 
freezing points of moist soils are invariably below that of water in 
bulk, even when saits have been reduced in amount by leaching, whici 
at first seems to discredit Fisher's view. 


A careful consideration, however, may remove this apparent 
contradiction. While the freezing point of such wedge water may be 
above that of water in bulk, the freezing will not be transmitted 
from one wedge to anothcr until the film connecting them is frozen, 
and the film, being compressed, has a lower freezing point. . Thus, 
the observed freezing point for the moist sample will be that of the 
films, even though the true freezing point of the wedges, comprising 
the greater amount of the water, is higher. 


A consideration of the effect upon the thickness of the films, 
of packing a moistered, but not saturated sample suggests two pos- 
sible conditions, viz: 


1: Increased packing may increase the number of points of con- 
tact between the soil particles, each with its annular wedge of 
water to be secured at the expense of the films. The latter will 
thus become thinner, and in consequence the freezing point will fall. 


2: The scil particles near enough to one another to hold wedges 
of water between them may be forced still closer by the packing, so 
that the wedges without increase in volume may cover more of the sur- 
face of the soil particles, thus requiring the films to cover less 
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and so allowing them to become thicker, with a resultant rise in the 
freezing point. Whether Fisher's view of the density of wedge water 
is or is not fully accepted, it seems certain that change in the 
thickness of the water films should be accompanied by a change in the 
freezing point of the moist soil sample, the amount of which might be 
perceptible. 


Both effects probably follow the packing of every sample, and 
only experimental determination will decide which has the more marked 
influence upon the freezing ‘point. In the first trial of packing the 
sample about the bulb of the thermometer, using a stirring rod for the 
purpose, it was found that a smaller freezing point depression was. 
observed, and further, that this effect was heightened by packing the 
sample more tightly. This observation led to further trials, which 
showed that with peat soils, wet exactly to the moisture equivalent, 
the observed depression could, by very tight packing, be brought down 
to zero, or even to a minus value, that is to say, one which indicat- 
ed that the peat froze above 0°C. It was recognized that this result 
could not be wholly due to the packing's effect upon the true freez- 
ing point. The probable explanation is that the somewhat plastic 
moist packed soil pressed upon the thin walled bulb of the Beckman 
thermometer, deforming it, and forcing some of the mercury upward into 
the tube, with a consequent unduly high reading. Proof that the thin 
walled bulb actually yields to pressure is readily given by packing 
the soil rather snugly about the bulb in the freezing point tube, and 
then observing the sudden rise of the mercury in the column when a 
small stirring rod is thrust into the soil beside the bulb. In many 
cases the fall of the column when the rod is removed is even more 
convincing, since the rise might be thought to indicate rapid warming 
of the mercury due to friction. Of course the soil and atirring rod 
should be at the same temperature to avoid the mere transfer of heat. 
It thus came about that instead of only the above mentioned uninvesti- 
gated possible cause of difference there is as well the one just men- 
tioned, the compression of the thermometer bulb, a source of positive 
error, the frequency and magnitude of which in the work previously 
done it was desirable to estimate if possible. 


In freezing point determinations of moist soils this deformation 
er compression of the thermometer-bulb by the moist soil sample is a 
most insidious source of error, which later was found to have effected 
many of the determinations reported above. It mst be prevented if 
correct freezing point determinations are to be secured. No other 
workers have mentioned it, although Bouyoucos (19 P. 13) approached 
it when, in his first article, he considered the possibility that the 
moist soil in freezing might expand so as to press upon the bulb and 
force mercury up into the tube. He considered that this error from 
expansion of the freezing soil could occur only when the moist soil 
was extremely compacted, and that a sufficient precaution was taken 
in “moving the thermometer in the soil beforchand", before the freez- 
ing (sec 19 Page 13). This statement is somewhat ambiguous, but has 
been interpreted by the writer to mean a rotation of the thermometer. 
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This brief statement by Bouyoucos was noted, and the precaution h= 
advised (interpreted as stated above), has been observed in all the 
freezing point determinations made in this laboratory, but this pre- 
caution is not sufficient to insure against compression by the some- 
what unyielding moist soil, as will be shown later. 


Bouyoucos did not discuss the more common and more important 
pressure upon the bulb not due to expansion of the freezing soil, but 
to failure of the moist sample to yield freely when the thermometer 
is introduced. The condition is intensified if the sample is further 
packed after the thermometer is in place. To guard against this the 
writer has in the determinations reported below used a packing instru- 
ment made from a straight glass rod smoothly rounded, or of a tube 
closed and rounded by heating. The rod which must be slightly larger 
{about 1 mm) in diameter than the thermometer bulb, is pressed into 
the moist soil sample in the bottom of the freezing point tube, using 
first a smaller rod if necessary. The soil is packed tightly or 
loosely about it with a smaller rod, after which the larger is with- 
drawn with a rotating motion so as to leave molded in the sample a 
smooth cylinderical hollow with round bottom into which the thermo- 
meter bulb fits easily with only-a slight air space about it, and 
with no danger of compression either before or during the freezing. 


Using this means to avoid compression of the bulb, and packing 
the sample tightly for comparison with similar samples left loose or 
very slightly packed, it was easy to show that the packing, although 
unstandardized and not uniform in degree, has a marked effect upon 
the freezing point. 


EFFECT OF DEGREE OF COMPACTNESS UPON FREEZING POINT DEPRESSION. 


Bighty two samples, first brought to the moisture equivelent by 
centrifuging, were frozen, both tightly packed into place as above 
described, and in as loose a condition as could be well secured Table 
17. In @7 of these the depression was greater in the tightly packed 
condition, the average difference being 0.0430C, in 55 depression was 
less, the average difference being 0.019°C, while in the two remain- 
ing samples there was no difference. 


It was observed that often the samples frozen in the loose con- 
dition were very slow in coming to the maximum temperature, which is 
taken as the freezing point, a fact which tends to make such deter- 
minations unsatisfactory, as the longer time gives greater chance for 
loss of heat by radiation and. consequent failure to warm to the true 
freezing point of the sample. It thus apvears that compactness of 
the sample has a decided influence upon the freezing point, and 
oftencr than otherwise the more compact sample freczes with less de- 
pression; but the number of cases in which the difference is in the 
opposite direction is so great, and the magnitude of the difference 
is so variable, that neither direction nor amount can be predicted 
for any particular sample. 

875 







7 ay ‘ \ , ? ; 
€f, noltteootg oft bie ,bodom gaw e0onoyuod yd tremotat 
mit {fe ar beviesdo mood eed .(ovods Betate es batexate: 
mevg 2hift gud ,yuotncodst etnt ai ebsm enoksentmisteb tnfeq anisoett 

moa att yd motesorcnco denings sisemt oF tnefottiue ‘som ef co. ie 
ies 1stel dwode od (ftw as .fTo fsixns teriw 






















| Snattogmi siom bas nomdioo stom edd eevoetb ton bth soavoywod 

d [tos gotxoot) off to noteragxe oF sub son diud edt noqu ee 
Mesemomioit adit sedw yfes Taty oF 8 # tstom odd to siwlta? o 
Mitt et ofgqmae oct ti bottteastni ef moltthnos eff .booubortnt ef 4 
Bat aidd sactans hrsuyg of .soelq mt et tstomomtodt ost 93s belosq 
ent grixose s heev woled hestaoqet enoigentuteteh oft mi ead tosiaw 
‘adut 2 to to .befawor yidtoome for eeslg tigistte 9 mort sham saom 
rel yitdaife ad taum dotdw hor odT .gnitson yd Bbebsivor Baa Bosols 
_osnt Heeserq at ,diud vetemomiodd oft mart tosomatb at (mm © suvods) 
Hen .ecus intoq paisos1t edd to mottod add nt olqmse Ltoe Jefom ony 
" © yistegis hevoxq at Lfoe odT .ytseesoon tt bor toliame oe text? 
Méiv cf sogtal odo dotdw tetIs .bor sollsme s dftw tt soda yLoeoot 
) 8 olcqmse odd mi boblom evasi ot en o2 mottom gnitstor s nttw owath 
S -onmitons sd Aotthy ogal mOstod bauot Aviw wolford {sotqaebatiyo Atoone 
bas ti ftode oosce tis tdgiie s-yf{no dtiw yiteso etit diud aetom 
Dagetssott odd gainwb to stoled teddie sokaseiqmoos to tegnsh on’ ddiw 


meenivess ban .diud oft to motaesiqmos Bbiovse ot ansom eld? gate 

ime seool trol salamee aslimte ditw aoetisqmoo tot ee elqmse ody 
Pepwottie ,anitiosa oft dedt wofle of yess eaw Jf ,bowdoaq yitdgile yrov 
) fOgy tootto bodism s esd ,getneb al mioltay Jon bos bes tbtsbhbasseny 
a -tatoq gniseor? ens 


> | 
PpMOISEANITG TUTOT OMTSABAT MOGU CeIMTOATMOD TO AIAOad Yo Toate 


mea stolevitps osutaton odd oF Sriguoi Jertt ,eolqmes ows Ysdgti 
B Sveds an eonla otnt betosq yliduid tod ,mesortt stew .gatguiissireo 
Leet bevusee ffow sd Histon as mofsibnoo s sacol as ni bas Jitoseb 
BP pevosg yisdgit edt at tedrotn eaw noleeetqeb ond exedt To vg ar. “FL 
feew moOreestash Se ci.'.0eshO.0 fed sonoetettip aerate ent .ooigvtbhnoo 
Weaiminot owt st af offriw ,d°@L0.0 gniod sonotettib egetevs odd ,seol 
. s .900970TEI on anw otodd eolqmae gat 


© R02 s2o0L odd ni. assord eofqmas ot netto sant beviesdo Baw sT , 
et doiny ,otssetogmed motixam ens of animoo’ ot wole ytov stow noltib 
Bteteb nove osm od aboot dotdw tost eae ,tntog genes ois oa monet 
“WOT Sonsio tofae 3g aevin omit togaol ols es .ytotosteldeeny enolienia 
owtdy of’ of mrew of stulist Jnegpeccnos bas amotisitbst yd geod to aaol 
to seontoequoo tant etrocan enidt 31 .ofqdisa oft to tuted gntsost2 
Dae .gnicg gnisse tt ods dogey oconevl tat bobiosh a ead ofqmee ent 
-oh ceel at®y coascotl ofomee togqmoo etom Ot oaiwtenyo aad? xomesIo | 
ede nt ek sonoustiih offs fothw mi egeso to redatt odd Jud yaotseote 
SHatTSITLh of; Yo ehudinnem on? baa ,Peoty ce af nolsooriIn od teogag ‘ 
hotoiferg od. nso Javoms won notzootrb aeddion tadd joldatisv oo et 
ake 5 -ofgmae taluotiiaq yre 107. 
eve Wig |, 
a, EA , abe Alpe ——— a. 


49 

Bouyoucos! practice (see 19, page 16) was to freeze the samples 
in a "slightly compacted" ‘state, rather than loose, and as no other 
investigator mentions this subject it is probable that all have fol- 
lowed his practice. It is to be supposed that the degree of compact-— 
ness will have an effect upon the extent of change in freezing point 
brought about, and possible in direction of change as well, but since 
no degree of compactness has been agreed upon as most desirable, and 
there is as yet no nomenclature used to express differences in degree, 
it is unlikely that any two workers have used the same degree of coni- 
pactness, or even that any one has consistently used the same degree 
throughout his own work, 


It may be that the degree af compactness which exists in the 
moisture cups at the end of the centrifuging in the moisutre equiva- 
lent determination might be a desirable one, and readily attainable, 
but there may be difficulty in preserving that degree of compactness 
until the freezing is performed. 


Table 17 - Effect of packing of moist soil samples upon freezing 
POLNGS « 


Reference Moisture Depression of Freezing Change induced Laboratory 


Number equivalent point with soil by vacking number 
loose tightlv packed increase decrease 
C oc OC oc 

3 of 200 - 240 -010 16279 
6 do aGa she .063 16276 
A Catt »0965 294 sor 2: 14 
8 paw 2244 - 190 «054 16278 
12 aient 067 sOor O20 16202 
15 4.0 -087 .0O78 ~009 16201 
16 4.0 - L04 -088 JOL6 legie 
17 4.1 -064 -049 2015 16205 
18 4.2 ~069 .062 -007 16204 
293 4.4 118 -095 025 16297 
en” 4.6 «088 070 -018 16205 
294 4.7 151 -1354 -O17 16296 
295 4.8 063 056 -007 16504 
25 5.4 -070 ~O51 e019 16200 
26 D9 ~O72 025 s029 16197 
27 2.9 -085 045 ~042 16271 
295 6.3 .O75 .058 soy 16308 
32 6.5 .079 ~052 «Oat 16270 
33 6.5 - 108 ~085 -0235 16276 
B eon 165 ~167 -002 

o7 7.4 -070 044 ~026 16198 
eg7- 8.2 ~059 Odd sOLe 16302 
2983 8.4 .077 ~044 -033 16295 
43 8.8 - O80 . 048 -032 16275 
45 3,8 -040 034 ~006 16285 
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Table 17 Continued 50 


Reference Moisture Depression of Freezing Change induced Leboratory 


Number equivalent point with soil by vacking number 
loose tightly packed increase depcrease 
a OC C oc ee) 
299 oo -045 -032 ~013 16501 
53 9.9 Cer ~029 soue % 16511 
61 L240 -037 2028 -O09 16287 
269 Teee .086 -055 ~031 16303 
66 12.8 037 see 019 16266 
C 1333 2 LOS ott -006 
er. 13.6 -038 2034 -004 16310 
69 1339 -035 -030 -005 16282 
Tt 14.3 »O52 -037 e015 16265 
Te 14.5 0045 -054 sO 16286 
74 15.0 ~050 2050 -O00- .000 
272 15.0 -048 037 e011 16300 
D 1909 -080 ~114 ~054 
78 16.0 041 ~055 ~006 16281 
7a 16.5 ~056 2057 e019 16268 
5B 18.6 -090 ~tLo .026 
F 18.7 «285 2-590 ~105 
G 19.6 ~L02 - 080 ~022 
86 Toe 7 O41 - 026 -O15 16267 
275 i9.7 -059 -068 -009 5656 
274 20.8 -084 »L64 - 080 5665 
275 ceed - 149 eee «027 5662 
276 £459 - 086 ee ed ~029 5667 
100 22.6 e220 2099 Air 16306 
J 22.8 sore was -048 
104 eed ~040 -047 -007 16269 
ere 24.5 - LOO e150 2050 5661 
278 24.5 » 200 seuQ -090 5666 
279 24.6 ~ 160 0254 «O74 5669 
L 29.6 - 108 ~124 -016 
280 Bost e269 SOOT etre 5665 
281 2629 -220 fcao 2035 5668 
282 2ira Loo - 163 -028 5660 
284 Zoe ee? 2193 .046 5659 
M eee -130 eee 7022 
285 50.5 ~130 sear -090 5664 
195 64.1 .085 -O81 ~004 PLUS 
196 54.1 .092 ~083 -009 15113 
286 56.7 » L035 » 150 .047 5658 
N Oteo see 2L6 2096 
220 38.6 sto see eOS1 15114 
220 58.8 ~095 -080 2023 TSLIG 
256 43.8 cls woe OG L511 
240 45.7 »Ll25 vO 2015 15118 
287 65.8 ~O066 -056 -C10 16299 
288 hea -048 ~O41 007 16294 
239 leo -040 .058 ~002 16302 
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Teble 17 Continued 51 


Reference Moisture Depression of freezing Change induced Lxiborstory 


Number equivalent point with soil by packing number 
loose tightly packed Increase decrease a 

290 Sars .054 ~O41 SOLS 16290 
291 85.4 Ope 041 eOUL 16284 
292 96.5 -O6L1 OSE ~O10 16505 
262 104.0 -066 .O55 SOne 16280 
263 ea) ~052 eOne -900 .000 16274 
267 IASG) ~O70 ~043 2027 Peat 1 
266 L730 -068 ~050 ~038 u 2 
265 180.0 ~Oow ~062 2005 " 3 
268 200.0 -066 ~O76 Ole u 4 
269 104.0 ~047 041 -006 " 5 





EFFECT OF COMPRESSION OF THE THERMOMETER-BULB 


A comparison of the freeging point depression of samples packed 
into place before introducing the thermometer with that of the same 
samples when the soil was packed about the thermometer bulb so as to 
press upon the latter is shown in Table 18. The samples at both 
freezings were probably compacted to about the same degree, so that 
most of the difference is to be attributed to the compression of the 
thermometer bulb. Of the 36 samples Table 18 frozen under both con- 
ditions for this comparision, 32 showed a higher freezing point when 
the thermometer was introduced before the packing, the difference 
varying from 0.001° to .117°, with an average of 0.0309, a very large 
error when compared with the average observed depression of .075° 
found for 268 samples reported in Table (11). In the case of the 
four samples thet showed change in the opposite direction, the dif- 
ference in two was too small to be significant. 


Since the effect of any compression of the thermometer bulb is 
always to show a freezing point higher than the correct one, it is 
evident that increased degree of packing and comoression of the bulb 
(when not guarded against) will not only usually occur together), but 
will usually change the result in the same direction. The two items 
are thus closely related in laboratory practice. 


Since Bouyoucos was the first to publish methods for freezing 
point determinations of soils, and no later workers have mentioned 
any modification of his methods, in this respect, it is presumed that 
all the data hitherto reported have been taken with only the precau- 


tions he suggested and are probably all subject to the error here 
pointed out. 
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Table 18 - Effect upon freezing point depression depending upon 
whether sample is packed about the thermometer, or 
packed before introduction of the thermometer. 


Refer-:Moisture:Freezing point depression:Change produced by:Labora 


ence :équiva- : soil Packed :compression of : tory 
Number: lent > Before After :thermometer bulb. :Number 
: : :increase Decrease ;: 
oC C OC OC 
A 24 294 - 343 -049 
293 4.4 ~095 -088 «007 16297 
294 4.7 2134 AL -023 16297 
295 4.8 -056 ~053 ~003 16304 
296 Grd .058 «O58 -003 16308 
B Srna Tloyv eeaO 2037 
298 8.4 ~044 ~OO1 .043 16295 
299 B16 .Oae rO2% 2005 16301 
bo 9.9 «029 -O16 OLS soit 
270 13.5 « Len -090 S02) 16298 
C Lee ~0354 “O27 -007 
ett. Ta. /6 -0354 sOST OO 16310 
ee yO .0357 -039 002 163500 
D a9 ee .044 ~O70 
5 18.6 els: SOT 049 
r foay -0o90 eee lO 
G 19.6 -O80 -058 Oe 
LOO P26 .099 S070 2029 16306 
J Sees eS S055 ©O65 
104 22.9 -047 -026 Oe 16269 
L 2oLo 124 - L100 -024 
283 Sle ~159 ne -024 16307 
M 2oe0 whos eee ~039 
195 54.1 Oce: -050 Oo: LEED 
196 Sac ~083 O59 ~028 PALS 
N Sted oe 245 ~029 
220 58.6 ~119 -088 s0o 15114 
Bao 58.8 «080 ~050 2050 Lge 
x 99.7 .089 -058 20351 
236 43.8 232 sLO5 Oot ESS 
240 AD. Aa, ~067 ~043 LSS 
Peat 267 195.0 ~045 -.015 -058 a 
~~ 266 0750 -050 ~OSu ~OO1 é 
" 265 180.0 -062 -,O1l1 2074 3 
© ‘265 °28050 -078 2050 -046 4 
269 204.0 044 O25 ~O19 5 
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MODIFIED METHOD FOR DETERMINATION OF FREEZING POINT. 


Because of the considerations above mentioned, the writer has 
adopted the following procedure to be followed in determining freez-~ 
ing points of soils previously determined by Bouyoucos! method. 


The sample is placed in the freezing point tube just as it comes 
from the moisture equivalent centrifuge, and packed firmly above the 
rod as described above, so as to mold a properly formed hollow to re- 
ceive the thermometer bulb, which is then inserted in place of the 
rod, and the freezing point determination made. 


162 of the samples that had been frozen before the effects of 
packing of the soil and of the compression of the thermometer bulb 
had been recognized, using only the precautions advised by Bouyoucos, 
were later frozen by the modified method above described. 142 of 
them were also frozen after packing the soil about the thermometer 
bulb so as to bring about the compression. See Tables 19, 20. 

Table 19 shows that for 150 samples the depression was less 
when Bouyoucos! precautions were observed than when the soil was 
packed and molded into place before the thermometer was introduced, 
and was greater in only 12 samples. The average difference for the 
150 samples was 0.039°9C. and for the 12 was .015°0C. Of this 12, 3, 
with much greater difference than the average, occurred with samples 
of very low moisture equivalent where, as earlier pointed out, the 
readings are rather untrustworthy because of the possible lack of 
sufficient heat released in freezing the small amount of water pres- 
ent to warm the system to its true freezing point. It appears that 
in more than nine-tenths of the freezing point determinations made 
with only the precaution advised by Bouyoucos, there is a greater 
or less degree of error due to compression of the thermometer, and 
that its average magnitude is considerable. The average depression © 
for the whole series frozen with Bouyoucos! precautions was. .077°, 
and for those packed before introducing the thermometer was .113°, 
an average difference of .036°. 


875 









Ee 


-THIOS ONISHAAT Fo. MOLT 


By, gad «oticw ont ,bonottuem ovods EG edt to_gauansd 
itwolfot ert betqobs 
slios to nS 





e 
Bs 
; 


| +seo1t intortedoh ai bowolLet ed of etubsIo Tg 
Eabasee Tpoovoywod we hentmtosteb Tieaphaeee. 


. Bom00 tt on taut odud tutog yatseoet? off ot Bsosla eb olqmae oT 

mot gvove Shand béideq bie ,egutladaso saatevtuoe. etuselom a mort 

Seer OF wolfod bemtol yfteqotq a bLom of af O8 ,evods beditoesb e2 bor 

mm Of9 2O ooaiq ni botteenlt nent et doltdw Lud nesemomieds odd evtes 
.obam notteninasde® Phd gaiseeat end bas .bor 


D % alootlo si evoted qesot? meed bed Jedd eelqmae end to SOL 
Me Cid tetouomrsis edt to aoteesxqmoo. Re to Bae i ent to 
Beoowoywos yd boetvbe enolsurnoe tq srit mies sinmgooot 
To StL .beditoeeb evoda borstem helt thos oct Yd mosot? resale 
SGetenowrons edt guods Ltoe edt gatdosq tot te mesott a osth sT9W 
OS ,CfL soldat 992 .nolesetqmoo ot tueda gatid ot a8 of 


eeol eaw nobeeetqeb odt eafames O8L sot taf? ewone Of ofdaT 
eaw Lioe edt mow net bovieedo etew enoiduanerg * 
Beowbowtat 2sw tesemonieds odd ted eovalq ott Prggone 2 

ed G02 Somo19TTIO saove eaT . mee Sf yino ew 

Meet .ol eicdd 10 .0°CIO. esaw SL edt got bas eeee0.0 asw eolqmee 

S eolomac ctiw berwooo ogsievs aid oadt sonetottib tetserg doum dt 

sit ,svc betatog ietitas eg ,etenw tuelsvinps siutetom wol yiev 7 

; to woel sldiseoq eft lo cavgoed ydttowtentiny tenftet eis & 

eee totow to ¢gavome ILama ond ee at Beesefet taed tnoto 
Sent exnoqqe 31 .tutoo antssett exit ati ot moteye odd mrew = 








Mm eben enoicsnimtgteb gniog gatsee1? ent Yo adtaot-enin nadt stom ot 
; TetceTy 8 ek stent ,azoovoyuwod yd boesivbs aolsuaoce1q ent yimo = 
Drs .totsmosrteds end to nofeassiqnoo ot eub so1%S To ee aeel 
nobers ndeb opoteve edt .ofdaitebLenoo at obutingsm syeteve esl go 

: ~OVTO. esw enotderovtq ‘scovoywol dtiw meso1t settee slow adt 
Loere, 2aw totenomisit oct aie eae sxoted sommes ecods 10% Baa 
°8E0. to soneteTtib enstevs as 


aye 


ws 3% 


54 


Table 19 - Freezing point depressions by Bouyoucos' method compared 
with those of the same samples packed into place before 
introduction of the thermometer. 


Refer-:Mois- : Depression Ter eeercnce Difference be- :Labor- 
ence :ture :Bouyoucos: Packedinto:due to pack- stween dupli- satory 
Number: equiva procedure: place :ing into ;cates. :Number 

7 Heme : ypkace. Bouyoucos: Packed: 

e s ‘Tnerease Decrease: sprocedur e:into 
: : : : ‘91ace: 
OG oC oc og oC oC 

i 15 0.452 044) sOLd -005 .022 16168 
2 Let eol0 Sor ~059 -014 7022 TeErey 
4 sr? 446 <o81 ~065 ~048 .0O16 16166 
5 1.7 - 188 264 -O76 2020" eo Letoy 
9 aed Male? ro <OL2 ~020 2022. I6TS6o 
10 5.0 2002 289 eOo'7 sOOs SOL? <Gteo 
Ek 505d -O74 «095 ~O21 -004 fOL6 -“L6TSs 
13 Orel -052 114 -062 «019 -OL7 J6ne2 
14 307 ar -090 -018 «OOO | e0US Slee 
ee 4.7 -069 sO7To -007 -- sO Lanse 
24 5.1 -039 ~096 -057 -OO1 2005 “eles 
28 6.0 064 “OT? -0135 -005 sU0Y eta 
29 6.0 2077 -0O75 ~002 wer 200% AELTO 
30 6.5 -049 .078 e029 - 006 2014 16187 
38 7.4 ~0352 .0953 .061 003 2006 AV6TSsS 
42 8.7 wT | -O77 - 006 -008 «00S ote 
44 o.9 -042 -095 051 «003 2O2a Lote 
46 9.0 042 -096 -054 - 003 Ue abes® 
47 Fate -098 Le -0O13 -- -015 15155 
48 9.4 ~O026 -074 -048 -O10 -O15° -t6i74 
49 Die 2042 -O8l1 -059 S012 -005 15256 
50 Ts -O057 -O81 .024 BOO9 -- LoL57 
ol1 9.5 -059 ~105 ~046 2026 004 15154 
55 10.3 » 2045 2057 ,012 ~005 eOL0  AsGe77 
56 10.4 ~042 ~O71 “O29 ~O1O -004 16181 
58 10.9 2025 ~050 ~025 -005 e007), ears 
59 PG ~0355 ~093 - 060 ~003 -O10 16184 
65 He.'6 ~029 -098 ~069 -003 -008 16176 
70 14.1 -O031 ~036 ~005 004 O10 ABET 
76 16.0 .042 oO TR 029 -003 .O05: dase 
81 EPO ~032 ~051 <OL9 006 [O10 (Pave: 
82 ¥OUd -056 ~070 -014 -008 004 15144 
83 18.4 -045 BLOOD -062 -002 -005 7968 
85 19.6 -048 - 060 AZ -008 006 15155 
86 Por ~044 ~096 <052 ~004 -007 es. 
88 Loe ~045 .075 -050 -002 -OO8 15148 
89 20.8 044 ~094 ~050 -008 008 7965 
90 206 -054 - 1356 -082 ~005 -005 7967 
ae ate -054 re LG -056 004 -004 7966 
93 2S »049 ~069 -020 O21 2017 Torey 
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Table 19 Continued 595 


Refer-:Mois- : Depression :Difference due:Difference be- :Labor- 
ence :ture :Bouyoucos:packed :to packing :tween duvlicates: tory 
Number: equiva-procedure:into place:into place ;Bouyoucos: Packed: Number 
slent :: : in~ de- sprocedure: into 
: : screase crease ; “pulies. - 
o¢ oc o¢ oC oC O¢ 

97 SAS 2035 073 -038 -O10 Zou EoLSL 
98 Reel 040 -069 -029 004 eu LES 
99 22.2 .042 -062 -020 wae. . +020 L5155 
101 22.6 -046 -O86 .042 2005 OX. 7961 
103 22.8 «044 Ore .055 - 000 .002 7969 
106 25.2 .048 -O095 ~045 - 005 -OLO 7970 
107 259 044 .O75 -031 s005 006 15134 
109 24.0 .050 . LCO .050 “Ope . 006 7962 
110 24.0 -069 OL. -052 -008 - 006 7964 
113 24.3 2055 084 {028 ~OO1 -008 7968 
115 24.5 .041 -083 -042 -O004 -O10 7960 
116 24.6 O59 aoe S005 -000 004 15140 
LAO 2O.0 ~055 «OB »004 .003 ~002 15141 
122 Doe -046 -087 -041 -013 004 7955 
125 Ba6 »049 ~O74 -025 OL? -O002 15158 
124 20.8 ~059 -084 <025 {O12 .008 15142 
126 Boe -059 «ii .056 ~002 004 7950 
128 26.0 -061 147 -086 .004 eOL5 7951 
150 26.5 -049 JO71 sORZ -OO1 -007 151356 
da B65 ee elo ~O74 JGL9 -O14 14962 
132 nose -062 -084 -O22 .008 009 14996 
ESS 2huwO -053 ebat -084 «001 -025 14961 
134 Bin AS ate -052 20135 O20 14971 
EA) hea. -092 ~139 5027 -004 .007 14972 
136 27.8 2133 200 uy ~O14 004 14970 
Lov 28.0 -200 ~ 906 -006 ~050 . 006 14989 
138 2a de -065 CEES -050 -002 -004 7949 
139 mode oOo1 ~ 104 -0535 ~O10 .008 15103 
140 28.5 eau? .C74 O47 -014 - 009 14985 
141 28.5 ~059 » 105 ~046 ~004 -008 15124 
142 2067 -055 »069 2014 G4 * Oat P52 
143 Beal 066 114 .048 2000 -008 14992 
144 29.0 -O60 ~092 -052 -000 ~014 14960 
145 29.<0 -065 -083 e020 -014 .007 14963 
148 29.9 -047 .059 pone ~004 -015 14956 
149 Bo 0 -069 eiZe ~055 .QL0 006 7948 
150 mast 2-068 ~124 -056 ~008 -000 7954 
151 nae ~055 ~066 .0355 -000 -020 14954 
152 eael 046 -099 2055 ~OQ10 = Qaet °14979 
153 ee at 065 »1350 ~065 .025 ~004 14959 
154 29.9 -0835 e939 -O16 ~025 «003 RSLS 
157 50.1 -068 ~084 GOS. ~007 -008 15108 
158 2061 141 ~ 194 ~053 2002 -025 14983 
159 a0 c2 ~O738 ooa? 2024 20235 ~O10 14964 
160 30.3 -096 ~133 BOOT O02 s0ge 15128 
161 50.4 ,O55 O79 -026 6001 ~0135 14953 
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Table 19 Continued . 56 


Refer-:Mois- ; Depression _:Difference due:Difference be- :Labor- 
ence :ture :Bouyoucos: packed:to packing stween duplicates:atory 
Number : equiva-vrocedure zinto place:into place : Bouyoucos: Packed: Number 
‘Hent- : eS io De- sprocedurc: into 
‘ : :creasé crease ;: :place : 
UG oS OC oC oC OG 

163 50.6 ,O72 ~114 043 004 028 14952 
164 50.7 -068 125 -057 ~017 005 14991 
165 50.8 050 O75 ~023 -- O10 14957 
166 30.8 -065 117 -052 026 -0O10 14966 
167 50.8 1035 ~114 ~O11 006 -008 149'76 
168 50.8 -O90 e522 062 -006 - 008 230 
169 51.0 -068 - 108 -040 004 -- 15143 
170 51.0 -064 ~104 -040 009 .015 14967 
EFL 51.5 -O61 elil -050 022 -000 14965 
Le 51.4 -050 - LOO -059 -0035 .0O17 14958 
173 51.4 -065 086 -O21 .002 -008 14995 
174 51.4 243 «250 007 ©0115 -005 14988 
175 Sle? 060 -O72 -008 ~004 .008 151359 
176 S167 -084 l22 -058 -- -00O7 14994 
Ver 51.9 049 155 086 sOL2 -006 14995 
ve See 056 -095 -037 009 .006 15104 
180 52.2 -056 . 120 064 -010 2006 15120 
181 32.4 - 066 152 086 -002 2000 15126 
182 52.4 ~ L105 - 164 -059 -OO1 -008 7959 
183 52.5 ~0635 093 030 -004 JOLT  BBEZE 
184 52.5 -079 «ig 040 - 006 004 7957 
185 52.6 145 - 185 -038 ~010 (O22) 22963 
186 52.8 -124 118 - 006 -- -004 14975 
187 55.1 064 094 -030 -O15 sta a vOg 
188 55.1 087 -098 OLA. .O11 -- 14993 
189 55.4 066 084 -018 026 HOOF Lar 
190 55.4 02 - 100 002 O27 sObi! Tegel 
192 55.6 066 “O92 026 ~OOL -00O0 15106 

93 55.8 048 © -066 -018 005 Ott ey 
194 5569 -050 083 -035 -002 O20" Lotte 
195 54.1 074 081 007 -000 «00S? Voir? 
196 54.1 104 083 oy -- -005 15115 
Iw 34.2 063 . LOO -0357 -003 .020° FSL05 
198 54.8 063 117 054 ~004 -015 14990 
ie 35.0 - 160 - L80 -020 ~010 JOG" 2A98y 
200 35.3 145 - 186 »O24: -O00 14982 
201 35295 olOe god. weg -002 010.7398 
202 55.4 -055 110 057 008 -007 Torex 
205 55.6 073 ay O74 005 2005 14986 
204 56.1 -O75 116 041 002 ~002 7955 
205 56.35 -054 .O79 ~025 ~O018 .007 14978 
206 56.4 064 O70 -006 050 -O10 14948 
207 36.4 140 aos -055 .023 2010, 14997 
210 56.8 - 130 ee -001 006 -005 J5si27 
aie 37.0 067 . 163 .096 050 012 14946 
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Table 19 Continued o7 


Refer-:Mois- : Depression :Difference due :Difference be- :Labor- 
ence :ture :Bouyoucos:Packed :to packing into:tween duplicates: tory 
Number:equi- : Procedure ‘into place: place ::Bouyoucos;: Packed:Number 
:valent: eect De :Procedure:into 
: : :crease crease : :place : 
C OC OC Oc oC OG 
215 57.0 gti? «L487 -0350 «ORE -020 14974 
214 ot ea .057 Lee OT. -000 -012 ,15i25 
215 Ol eo -055 - 089 -054 -OO1 ~OO7 Tisiis 
216 57.9 ~083 «OTS ~004 -018 007 [iglgg 
ol? 58.0 -063 «LOZ ~039 -- 004 7604 
218 58.0 - 105 246 ~141 .070 034 14947 
219 58.3 ~057 -093 -046 -006 2005 (1L9lG7 
Bou 58.6 .079 etl9 -040 -- e002 15114 
Bol a ae ~093 «LS mal ~O16 -010 145150 
aon 58.7 -055 ~136 -081 -OO1 008 15123 
223 58.8 -068 -086 ote 006 Ole sLobtL 
224 59.5 -065 0125 -060 »050 -- 14949 
225 39.67 .067 -080 013 -005 ,007 «£5116 
226 59.9 - 109 oes ~009 006 004 14975 
gor 40.7 .090 -149 -059 -020 O12 14950 
228 40.7 sii -141 -024 ~003 «062 7595 
232 41.3 .078 -148 -070 -0O18 -0O07 14945 
232 41.8 cies ~132 -040 -004 ~005 7599 
253 42.2 ween -149 ~O022 -- O16 14951 
234 42.2 - 105 » 129 -026 -- 008 “15131 
256 43.8 -1ie pe -020 -OO1 «O13 SESLLy 
237 44,0 -061 jee -050 -003 -008 ae 
239 45.4 eOT7 ~L05 -028 - 006 ~025 7590 
240 45.7 .089 «ki0 othe -005 -0O0OO0 15115 
243 46.9 052 -079 “oe? -004 007  J168 i> 
250 635.1 ~053 -0O78 e020 «025 -008 16170 
202 64.0 ~026 - 080 2054 -005 -010 16185 
253 64.5 ~0357 -O082 ~045 ~OO1 0035 16190 
264 129.5 2-042 O74 ~052 ~004 O06 16180 
265 180.5 ~037 ~062 ae .004, — -O17 Peat 3 
266 £36 oF -046 2.052 .014 -006 ,006 ze 
267 193.5 sO59 -045 ~O16 SOL <OlL0 ot 
268 199.5 -032 O76 .044 ~002 é 40 aa a 
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Table 20 - Freezing poirt of samples frozen by Bouyoucos! method com- 
pared with thet of samples packed tightly about the ther- 
mometer bulb. 


Refer- Moisture Freezing point Difference due to in- Labor- 
ence equivalent devression tentional compression atory 
Number Bouyoucos Packed about increase decrease Number. 
method thermometer 
OG OC” 0 ° 
10 3.0 0.092 0.131 ~059 16189 
ual 5.5 074 -065 -009 16188 
13 5.7 -052 .048 -004 16194 
14 De -O72 -028 ~044 16195 
22 4.7 ~069 -048 
24 561 -039 058 .001 16193 
50 6.5 .049 20535 ~016 16187 
38 7.4 -0352 C73 -040 16183 
42 8.7 eOT1 -036 -035 16192 
44 8.9 .042 ~054 sOLe 16182 
46 9.0 »042 ~O%2 -030 . 6rSsS 
47 935 -098 -058 -040 > BON55 
49 950 -042 2043 -001 16156 
50 9.5 .057 -051 ~006 16157 
ol 975 -059 - O60 -001 16154 
56 10.4 -042 -034 .008 16181 
59 11.8 2033 - 066 -033 16184 
65 oo ~029 .052 -035 16176 
82 ¥er1 -056 - 050 006 15144 
83 18.4 043 -O76 ~033 79635 
86 ao v7 .044 .068 ~024 15135 
89 20.8 2044 ~065 «Ont 7965 
90 20.8 ~054 «097 ~043 7967 
92 eLye 054 -083 2029 7966 
93 21.8 049 .052 e017 151357 
97 feed -035 ~052 .OL'7 15151 
98 Beek -040 vOo6 ~016 15152 
101 22.6 046 -O61 ~O15 7961 
103 22.8 044 -068 ~024 7969 
106 2532 .048 ~066 -018 7970 
109 24.0 -050 -074 024 7962 
a) 24.0 069 070 ~OO1 7964 
113 24.35 -055 - 060 -005 7968 
I19 24.5 ~O041 2056 -O15 7960 
116 24.6 -059 -052 .007 15140 
120 25.0 ~055 -045 ~O010 15141 
tee 25.5 -046 -057 wae 7955 
123 25.6 -049 -040 ~009 15138 
124 £538 »059 -079 sO21 15142 
126 2oe9 ~059 -085 -O16 7950 
128 26.0 .OG1 «405 044 7951 
1350 26.3 -049 -048 -001 151356 
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Table 20 Continued 59 


Refer- Moisture Freezing point Difference due to in- Labor- 
ence equivalent depression tentional compression atory 
Number Bouyoucos: Packed about increase decrease Number 
method : thermometer 
OC OC oc OC 
131 26.5 -O61 -065 ~004 14962 
132 26.6 -062 -068 - 006 14996 
133 27.0 -053 -O72 «019 14961 
134 27.0 -116 -152 ~016 14971 
1355 edsk 2092 -084 .008 14972 
136 27.8 133 «120 -013 14970, 
137 28.0 900 2295 -045 14989 
138 28.2 -065 -090 -025 7949 
139 28.2 -O51 -048 003 15103 
140 28.3 eet 145 .018 14985 
141 28.5 ~059 089 ~050 15124 
142 athe fh -055 -056 -OO1 15152 
143 2a..'¢ 066 ~058 008 14992 
144 29.0 -060 -080 -020 14960 
145 29.0 ~065 050 ~013 14963 
149 29.9 -069 . 100 -031 7948 
150 29.5 969 O73 -005 7954 
153 ede t ~065 -055 -010 14959 
155 29.9 -083 .085 -002 15133 
157 30.1 -068 -058 -010 15108 
158 50.1 141 ~ 150 -009 . 14984 
149 50.2 2075 .O75 -002 14964 
160 50.2 «096 072 -024 15128 
161 00.4 ~053 -042 -Oll 14953 
163 50.6 O71 «067° 004 14952 
164 50.7 -068 -O066 ~002 14991 
165 50,8 «050 049 -OO1 14957 
166 30.8 065 -083 -018 14966 
167 50.8 - 1035 «tes -O19 14976 
168 50.8 090 -093 - 008 7958 
169 31.0 .068 0383 ~O15 15147 
170 51.0 -064 . 6089 -025 14967 
hm $1.35 -O61 -O75 -016 14965 
ive 51.4 -050 -055 -005 14958 
Lhe 51.4 -065 -068 -005 14995 
174 51.4 243 ~22O0 ~023 14988 
175 ew -060 -052 .008 15139 
176 aheat » 084 -058 -026 14994 
ea 3169 -049 -065 «O16 14955 
179 Gece »056 -045 OLE 15104 
180 32.2 2-056 -O71 2015 45120 
181 5264 - O66 -L05 -037 15126 
182 52.4 «105 - 103 - 003 7959 
183 52.5 -0635 Othe 009 Taiee 
184 62.5 ene -076 -003 7997 
185 52.6 -145 ~145 - 000 «000 14983 
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Table 20 Continued ete) 


Refer- Moisture Freezing point Difference due to in- Labor- 
ence equivalent depression tentional compression atory 
Number Bouyoucos Packed about increase decrease Number 
method thermometer 
oC C oC 
186 32.8 124 “O96 034 14975 
187 35.1 064 2052 Ole 15109 
188 S5el 087 003 - 084 14993 
189 55.4 066 -059 .007 15110 
190 55.4% 102 045 .057 14981 
192 35.6 066 O75 - 00S 15106 
193 55.8 048 ~022 006 14977 
194 5509 ~O50 0535 e003 15119 
195 S4e1 O74 ~050 024 lates 
196 S40] LOt ~055 .049 15113 
LOG 3402 065 075 aie 15105 
198 54.8 ~063 067 - 004 14990 
199 55.0 - 160 145 015 14987 
200 3525 e145 «42 003 14982 
2OL 55295 ~L02 -099 -003 795E 
202 55.4 2055 -O74 e021 25 le. 
2038 55.6 O75 081 008 14986 
204 o6e1 075 » O80 005 7953 
205 56.5 054 057 ~O17 14978 
206 56.4 064 ~063 O01 14948 
207 56.4 - 140 «150 O10 14997 
210 56.8 -130 2O9T ~039 15127 
ete 37.0 067 ~ 130 «063 14946 
213 357.0 ae ik -094 20235 14974 
214 So7el -057 « LOO 0045 15125 
215 37.5 «055 2058 005 15118 
216 "oy yews -085 -OS56 027 15129 
217 58.0 065 <055 ~022 7604 
218 58.0 »105 - 143 2958 14947 
219 58.5 2-057 2O8C 202E 15107 
220 38.6 <las «O88 2 00S 15114 
oak. 58.7 093 - 108 -O15 15150 
222 58.7 «055 -098 -045 15125 
225 38.8 -068 «060 008 Pole 
224 5925 «065 ~085 018 14949 
225 Odet - G67 2050 -O17 15116 
226 59.9 «109 -090 eCi9 14975 
een 40.7 -090 2135 -045 14950 
228 40.7 at 1135 2004 7595 
CO . 41.3 O78 0&5 ~005 14945 
252 41.8 092 - 1CO -008 Code 
235 42.2 ee ft 155 008 14951 
234 - 42.2 » 105 -095 -008 15131 
256 435.8 «ll2 ~ 105 007 LoL 
2o7 44.0 -061 090 029 7952 
239 45.4 077 -070 007 7590 
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Table 20 continved 61 








Refer- Moisture Freezing point Difference due to in- Labor- 
ence Equivalent depression tentional compression atory 
Number Bouyoucos Packed about increase decrease number 
method thermometer 
OG oc OC OG 

240 45.7 089 -067 s022 15115 
245 46.9 052 056 -004 
250 6S0k -055 O69 s016 F6L7O 
252 64.0 -026 -050 024 16185 
255 64.5 -037 050 -O15 16190 
264 Leo vd 2042 049 -007 16180 © 
265, 180.5 > -037 -062 2025 Peat 3 
266 186.7 -046 0352 -014 n 2 
267 LOSR5S -059 eUSaM Y= O15 e di 
268 199.5 ~032 -076 «044 z - 
Average Average Average 

142 samples «075 2077 of 985 = of 59 = 

-~18 -016 





a 


SIMILARITY OF THE DATA SECURED BY BOUYOUCOS' METHOD TO 
THOSE VHEN THE THERMOMETER IS INTENTIONALLY COMPRESSED 


-Of the 142 samples intentionally subjected to the error from 
compression or the thermometer bulb, &3 showed greater depression than 
the same samples wnen frozen with the Bouyoucos method.the average 
difference being .018°C; and 59 showed less, the average, difference 
being 0.016°. The average for all is 073°C by Bouyoucos method, 
and .0770C for the samples packed about the thermometer bulb. This 
close correspondence between the avereges indicates quite clearly that 
the Bouyoucos method as here understocd and followed is subject to 
error due tec compression of the thermometer bulb. This compression 
was brought avout in the cases where it was intentional, by packing 
the soil about the thermometer bulb after it was in place: in the 
Bouyoucos method the same result is brought about by pressing the bulb 
into the moist soil, and thus forming a cushion of the soil between 
the thermometer bulb and the wail of the freezing point tube. This 
soil may be so unyielding as to deform the thin walled bulb. ‘The 
amount of deformation will vary with the stiffness of the moist soil, 
and that ix turn with both the amount of water present and the nature 
of the soil. 


Bouyoucos' practice with sticky samples was that of molding the 
"sample into a round elonsated are and dropoing it into the tube," 
before introducing the thermometer (see 20, page 9), which was insert- 
ed into the soil (20, page 8). This procedure is excellently adapted 


to compress the thermometer 0 ulo and thus irnflvence the observed freez- 
ing point. 
875 
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CONCORDANCE OF DUPLICATE DETERMINATIONS OF FREEZING POINT. 


Bouyoucos presents no data on the concordance of freezing point 
determinations made upon duplicate samples, merely stating (19 P. 13) 
"The duplicate determinations of different samples of the same soil, 
however, would agree very closely, even with the latter (clay and 
loam) soils". He often mentions duplicate determinations of the same 
sample, meaning, however, successive freezings of the same portion, 
and found consistant differences in such cases, the depressions be- 
coming less with freezings subsequent to the first. The difference 
was often only a few thousandths of a degree, but as he attached con- 
siderable importance to this slight change, it seems probably that 
it was greater than the usual.difference between the depressions for 
duplicate portions of the same soil. 


Hoagland reports a small number of duplicate determinations 
which he states ate typical. The data of his table from J. Ag. Res. 
RUE, FesTO, are here reproduced. 


Soil No. Freezing point depression °C. 


Determination Determination Determination Deter- Differ - 
; mination ence 
ih S a : 4 
LOA 0.065 0.062 0.003 
1B -066 -069 -003 
15A 049 2052 -045 O5G - 009 
4B how oy, -O000 


In the writer's study the difference found between the values 
for duplicate portions of a soil was often greater than those re- 
ported by Hoagland. 


In order to determine the concordance of determinations, as 
well-as to further define the effect of the compactness of the moist 
soil upon the freezing point, 5 mineral soils, and one peat were 
selected for a series of seven or eight freezings of similar portions. 


The mineral soils were selected so as to give considerable range 
in texture, and also in tenacity in the moist condition. The samples 
were brought to the moisture equivalent in the usual way, 8 cups of 
each soil being centrifuged at one time so as to provide material for 
the larger number of freezings. The soil at the end of the centri- 
fuging was removed from the cups, thoroughly mixed, and 16 portions 
placed in the freezing point tubes-for freezing while two portions 
were weighed for duplicate moisture determination. One half of the 
portions of each sample in the freezing point tubes were kept as 
loose as possible by avoiding packing, and vy tapping or jarring the 
tube while held in a horizontal pesition. Even with this treatment 
the two soils, B and C, which were selected for the reason that they 
had been observed to be sticky when moistened, were not loose, but 
consisted rather of lumps of compact soil. 
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The other halves of the portions were packed-.into place in the 
bottoms of the tubes, using the packing rod above described to pro- 
tect the thermometer from compression. 


. The data on the freezing point depression of these similar por- 
tions under both conditions of packing are given in table el, 


Table 21 - Difference in freezing point between replicate portions of soil wet to 
the moisture equivalent by centrifuging, when frozen loose and when 
tightly packed with thermometer bulb protected from compression. 


Soil Condition Moisture Freezing point depression:Aver-Extreme : Differ - 
equiva- Portion sage :differ-:ence 
} lent : ‘ence :due to 
{ 1 2 3 4 5 6 t 8 : : :packing 
B Oa Mempented. 18.8  .0.162).180 .162..198 .162).170 .176-4198 .17Gn—gese 00 
A loose 4.8 -308 .184 .340 .188 .170 .150 .290 .260 .236 .190 . 
B Compacted 13.3 -O80 .068 .088 ,093 .070 .078 .086 -082 .025 .002 
B loose* O74 .090 .072 .065 .078 .088 .090 -O80 ..025 
C  Compacted 21.2 ‘ele? < 128 41GB 261TS .1425e150. .162 6150 .056 .003 
C loose* ate «190 ~180 .156 .122 .148 .142 .130 isOGOL=LoS 
D Compacted 25.8 .075 .082 .086 .085 .088 .074 .078 -081 .012 .009 
D loose 25.8 -063 .074 .078 .076 .070 .068 .075 2O%2 OLS 
E Compacted 26.7 e166 el GOgtse pav0) .280°.170: s17S) S165 were 017 -008 
E loose 26.7 -152 .122 .150 .145 .162 .168 .158 .160 .182 .046 
F (peat) com= 
pacted 131.0 -059 .057 .055 .060 .052 .065 .052 .060 .0&7 .013 .015 
F 


loose 131.0 -061 .077 .065 .067 .071 .077 .063 .080 .070 .019 








ee 





* Samples are very sticky, and therefore the samples could not be gotten into any 
condition that could be compared to the loose condition of the more friable soils, 
such as D and E. 


and show a range of .012 to .056°C among the freezings for the com- 
pacted portions and of ,015 to .190 for the loose portions. This 
extremely great range for the loose would be much reduced if A, a 
sandy soil were rejected. It has been shown that such soiis may not 
give correct freezing points, due to the small amount of water they 
carry, together with their slow freezing. The loose portions would 
naturally be more subject to error from slow freezing. Even reject-_ 
ing this soil, the range is considerably more than would be expected 
from Bouyoucos! or Hoagland's statements, and as will be shown below, 
more than was usual for duplicates in the regular course of freezing 
of centrifuged samples in other parts of this study. 
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Table 22 - Summary of average freezing point depressions by Bouyoucos 
method, with difference between duplicates, for samples 
grouped by moisture equivalent. 


Range of Number of Freezing point depression Divergence between in- 


Moisture samples greatest smallest average dividual determinations 
equivalent for group greatest least average 
OC OC OC oC oC 
Lis= 2:19 5 6452 .167 e015 055 .005 050 
56.0- 4.9 5 O92 .052 O72 ~O22 O01 -004 
5.0- 6.9 4 -O77 059 -O57 .O18 O01 -OL0 
750= '8:9 3 O71 032 048 020 0035 -005 
seus 10.9 9 O98 «025 049 -026 ~005 -O10 
11.0- 12.9 2 035 -029 .OS1 004 002 003 
13.0- 15.9 S .049 033 041 004 2002 ..005 
16.,0- 18,9 4 056 .052 -O41 008 O01 ~005 
£9.0- 21.9 7 .054 -044 048 O21 002 008 
22.0- 24.9 12 -069 ~035 .048 ~O10. -000 . .004 
25.0- 27.9 13 133 »046 O69 010 +» 4002 009 
- 28.0- 30.9 ie » 000 -035 O79 -050 000 008 
51.0- 33.9 24 0245 049 -OSO 052 O01 O09 
34.0- 36.9 14 - 160 »053 093 036 . 000 -O10 
37.0- 39.9 14 0117 »055 082 064 2000 -016 
40.0- 45.9 10 let -O61 O95 .O70 ~OO1 -O10 
46.0- 69.9 4 »052 026 042 -O10 O01 005 
70.0-. 99.9 a 
100.0-200.0 5 059 052 043 O17 002 007 





CONCORDANCE OF DUPLICATE DETERMINATIONS OF FREEZING POINTS FOR A 


SERIES OF SAMPLES FROZEN TO COMPARE THE METHODS. 


The duplicate determinations of freezing-point depression in the 
case of all samples frozen by the Bouyoucos method, and later by the 
modified method described above, have been assembled in 18 groups in 
order of the moisture equivalents, and the summarized data in regard 
to divergence of pairs of duplicate determinations are reported by. 
groups in tables 22, 23. The maximum divergence between duplicate 
portions of the same sample varied from nothing to .070°C. 


The average divergence between duplicates is much the same which- 
ever method is chosen. The extreme maximum divergence, however, is 
more frequent with the Bouyoucos method. Using it, maximum diver- 
gences asgreat as .0300 are found in 6 of the 18 groups while only 
two groups show so great a difference by the modified method. The 
showing of the modified method becomes even more favorable when the 
magnitude of the average divergence is compared with that of the aver- 
age depression. Since the average divergence is no greater, but the 
average depression by the modified method is greater, the percentage 
of depressions represented by the divergence is less with the latter | 
method, 
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Table 23 - Summary of average freezing point determinations by modi- 
fied method, with difference between duplicates, for 
samples grouped by moisture equivalent. 


Range of Number Freezing point depressions Divergence of duplicates 


Moisture of greatest least average for greatest least averags 
Equivalent samples group 
OG ore) OG oC oC oG 
.woe eee 5 2441 pati dd -095 .O10 -026 
5.0- 4,9 5 » 189 ~090 2iid -O17 005 009 
5.0- 6.9 4 096 2075 »0835 -O14 .007 009 
Tse *0. 9 5 -093 oOT7 .088 -010 -006 007 
D.0—' 30,9 = saal -O057 O81 -0135 -003 - 008 
11,0- 12.9 2 .098 2093 095 -O10 - 008 009 
13.0*" 15.9 2 049 036 042 -010 -009 .009 
16.0- 18.9 4 - 105 -051 074 -010 2004 2-006 
$9,0+, 21.9 t 1356 060 «O91 2017 - 004 -008 
22.O0- 24.9 Le - 101 2062 O81 ~O1il -002 007 
25.0- 257.9 13 ~200 -O51 oro 20235 ~002 -008 
28.0- 350.9 ay 306 -059 2116 2028 .000 -O10 
51,0- 35.9 24 e200 - O66 61i5 -018 - 000 008 
54.0- 36.9 14 2195 -070 peed 016 -002 - 007 
o7.0- 39.9 14 246 <Otg - 1350 -0354 -002 -012 
40.0- 45.9 10 » £49 105 e200 025 000 010 
4£6,0- 69.9 5 «110 2079 ~O86"-. -O10 -005 007 
70.0- 99.9 


100.0-200.0 5 076 2052 -057 2017 002 -007 





The percentage for each group, obtained upon dividing the aver- 
age difference between Guplicates by average freezing point depres- 
sion is as follows: . 


Group Bouyoucos Modified Method. 
Method 

139 to. 2:59 10 8 
5.0 to 4.9 6 8 
5.0 to 6.9 18 Ee 
ree te * 9.9 10 uf 
Datla. 20.9 "20 10 
Pio” Gp. 8269 1o 10 

15.0 to 15:9 7 21x 
16430 “to 18.9 ze 8 
19.0 to 2149 Le 9 
eGo’ 24239 8 9 
Bowe COLE se 13 me 
28.0 to $9.0 10 9 
531.0 to 35.9 1i % 
55.0 to 56.9 aa 6 
S7sO) BOD Oo eo 19 9 
40.0, to 45,9 by 8 
46.0 to 69.0 re 8 
206.Q to200.0 16 Le 


875 


Jud eee es OS ee 

? | ao ; ) A ; 

Ge =ibom atol Sarthiiteg on Fre honey, ison? osaveve 20 yaenswe - 23 efda? 
ae adsotiquh noewded sdgereTith dilw ~hortem Bolt . 

 dtelavtige. quiietom ys Sequotg selqume 9 < «- 
a ie ali ’ “ny ¥ a xr 





ee 


ioub to saver iT? gxOierotgoh taiog arkssoth, — 
| Vi densi gasdnoia t01 ogsto DF ROTS 






ae 







BERSSRS 


030 
Teo. £90. 
eff. £60, 






510. S{l, BBD. B08, re. 
ge: cu ie gee 
1) Sie. et. Bro. | Peg s H 
"yo. a0, eNO. OLE: a 





$ 
a 


rao, S50. ' 8 





Misve oft Bntbivib nowy bonistdo. (quoi dose sot syétasdteq ear” ~~ 


Heide) tiiteg patseetl onsiovn vd eeteotlquS coewied sonetet8sb ia ‘ 


. :awolfol ss at, 


bord 6 Pbtbow soouoEMOr ; quod 
iia cea os or eae 


At 


a ’ 
ore 
La 


fo 
ooe 
*- © 


4 
~ 
= 
ABBRERR? oF? 
os : 
Sey OL 


a 


2999999990 


eeseege 
2o9L2 
SRaBEARR OF 





QoERO 2970 0BkOO Kh Se 
4 


66 


Since the average aivergence is no greater, but the average de- 
pression by the modified method is greater, the percentage of de- 
pressions represented by the divergence is less with the latter ~ 
method. The one case where the experimental results are quite con- 
trary to this statement, (X) is based upon a group of.only two © 
samples. 


STATISTICAL DISTRUBUTION OF DEPRESSION. 


For statistical study of the freezing points determined by the 
two methods, the grouping of the samples by their moisture equiva- 
lents has been retained, while the depressions according to their 
magnitudes have been placed in 12 groups, the ranges of which vary 
from .0200 for the ones where the most of the depressions fall, to 
.100° where there are fewer. Tables 24, 25, 26, 27. 


Table 24. Frequency distribution of freezing point depressions deter- 
mined by Bouyoucos method, among soils grouped according 
to moisture equivalent. 


Range in Number of:Numbers of samples with freezing point depression 

Moisture samples in: between limits. 

Equivalent group:0- .031-.051-.071-.091-111 .151-.151-.171-.201-.30i-.400- 
sod. O50, O70 .OU0 wate sLoU gbOU 0120 eeu walla are a 


.o= e.g - oO + 2 1 8 
o-O- 4.9 5 2 2 i 
0-O- 6.9 4 € x a 
7.0- 8.9 5 a 2 
9.09, 10.9 2 a 2 if. 
1150- 12.9 2 % 1 
15.0- 15.9 - 1 
£6.0-°18.9 4 5 1 
22.0=021.9 oe 5 2 
e2.0- 24.9 12 a 3 
29.0> 27.9 13 5 vt 1 Hh: 
e0.0= S0.9° 27 a. 14 4 2 By ae 1 
51.0- 53.9 24 4 le 5 2 Wick sl 
54.0- 56.9 14 o 5 2 £2 © 
07,.0= 59.9 15 a a 3 1 
40.0- 45.9 10 i 4 2 3 
46.0- 69.9 4 - ¥ 2 
70.0 99.0 0 
100.0-200.0 5 4 E 
Whole group 
1.5-200.0 164 5 40 62 20 16 8 8 S - 2 1 2 


875 
















-ob 8 ect edt tud .woteeta om e at eonte 
eseaneen!s 7 yt yo moleeetg 
Sortel oAg ary ae ae 
“10D ‘edinp ete eg! W 5200. ae 
owt cone to. 4 rometsde eins 






gesqed en ae cepstes et conn pad ade 
aquo’ ft q need eva. gobud tex 
+ %o He edd fi: «fae oes 07% COSO, m 
ras .9S aeldeT .t9wet exe ered? stecdw 900 


(ele galseott to noltudia dels ronpuperat is > eldr’ 
_eitos goons ,bodten ao & Donia -«)' 4 ee 
" .tostlev ) otutetom ot ‘om 


dtiw eelgase Yo saeeias Yo tedmuh 
.ctinifl heewsed 4. if 5 coneeem 


ai? yo Hein ieteb MAREE anizcott odd Yo Youve ee 4 
vat ter: tetor oe ond .: etd .ebodtonm ows 
"3 Te i . . ra 





















} aa s fel, {iLeleo, -{T0,-[20. -L1&0. <0 SUS « Ms 
ca O C hes * oz, OGL. OLE * * Oro .0e0. 060. 4 ‘ 
JST» oy 
gf fe FI otis ie 
f § $ ¢ 8.8 -0. 
5 f 3 $ €,0~--0.8) 
$ f & @.8 <-OcF 
if 8 fh S g. @. 0.8 
Dn _ 88h) 
Lf |. 86h 20sGa. 
£ c S ©@.8f <0. 
S GS v 2.{8 -0.eL 
é ¥ Si. @.38 =0.8S 
ref f v & ec -@.vS -0.8$ 
t eo) g A AL ‘ TS €.06 -0.88 
£ $ r $ S 3 . ‘ . nee 
Ge S89 of bi ge 0.8 
ee ae o£ Be bh -0.08 
$ hi db 8.03 -0.58 
0. oO 2Ov 
: Nn a a sole ad 
quan 9 
3 f S$ £ § e. 8 if gs $a vr 2 bol Rie Pies 
ve aa a8 fi 
ars : Yo) ae | 
pet 1.0, oR 
oS be oie 


67 


More than 88 percent of all the depressions by both methods 
_taken together fall into the 6 contiguous groups with limits from 
.030°C to .150°. The median that is the depression that is greater 
than’ that for one half of the samples and less than for the other © 
half, falls between .051° and .070 for the Bouyoucos method, and be- 
tween .090 and .110 for the modified method. 


There appears to be no significant difference between the 
methods reflected in the distribution of the depressions that fall 
either above or below these median lines. The only difference in 
depression that seems probably connected with the moisture equivalent 
is that the depression for the group of moisture equivalent 1.5 - 2.9 
is much greater than that for groups with higher moisture equivalent. 
This has already been explained as due to lack of heat released in 
the freezing of the small amount of water frozen. Aside from these, 
the differences in depression between groups and of samples within 
the groups can probably be regarded as due to differences in concen- 
tration of the soil solution. In: general the groups showing the 
greatest range in depression are those having larger numbers of 
samples, and those of finer texture which under natural conditions 
would have more variation in thoroughness of leaching. For several 
of these samples it has been shown that leaching brings down the 
freezing point depression to well below .1000 (see below). 


; The increased depression found when the freezing point is deter- 
mined by the modified method is show in groups of both high and low 
moisture equivalent. 


Table 25. - Frequency distribution of freezing point depressions de- 
determined by the modified method, among samples grouped 
according to moisture equivalent. 

Range in Number of Number of samples in group with freezing point 

moisture samples depression between limits. 

equivalent in group O- .030-.051-.071-.091-.111- .131- .I51-.171-. 200-.301 -.401- 

; -030.050 .070 O90 110.130 .150 .170 .200 .300 .400 


tea (2.9 5 1 aie - 
5.0- 4.9 5 2 a 2 1 
5.0- 6.9 a 5 1 
7.0= 08.9 3 i 2 
7.0- 1O.9 9 % 4 4 2 1 
tiie 12.9 2 2 
13.0- 15.9 - if 
16.0- 18.9 4 2 = uf 
19.0- 21.9 7 2 z 3 Z 
22.0- 24.9 i 2 7 3 
20,0- 24.9 13 i 5 1 4 = z 
28.0- 30.9 an 3 4 6 oe re 1 2 i 
o2.0- 55.9 2@ £ 4 2 a 2 t i 
54.0- 56.9 14 x 3 2 41 3 
537.0- 39.9 15 4 z 5 4 © ul 
40.0- 45.9 10 2 ae 6 
46.0- 69.9 4 
70.0- 99.9 0 
100.0-200.0 5 2 i 2 
‘whole group 


1.5-200.0 164 4 19 42 3&5 20 18 6 8 2 1 
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Table 26 - Percentage frequency distribution of depressions by 
Bouyoucos! method among samples grouped according to 
moisture equivalent. 


Range in Number of Percentage. of group with depressions between 

Moisture samples in limits 

equivalent group O- .031-.051-.071-.091-.111-.131-.151-.171-.201-.501-.400 
J ~630.050 .090 .090 .110 .150 .150.170 .200.500 .400 


1.5= 9 2.9 5 20 20 ‘ BO 40 
3.0- 4.9 5 40 40 20 
5.0- 6.9 4 30: 2o° 25 
7.0- 8.9 3 53 67 
9,0- 10.9 9 22 45 22 LJ 
11.0- 12.9 2 50 =«~50 
15.0- 15.9 1 100 
16.0- 18.9 4 75 25 
_19.0- 21.9 * 72 28 
ee.0- 24.9 12 75 25 
25.0- 27.9 13 25 53 8 8 8 
28.0- 30.9 27 to ae. Cee 4 4 4 
31.0- 33.9 24 em Gel lt beth sé 4 4 4. 
54.0- 56.9 14 o6 21 14 7 Lee 
$7.0- 539.9 15 60 135 20 7 
40.0- 45.8 10 10 40 20 30 
46.0- 69.9 4 25 25 50 
70.0-100.0 O 
100.0-200.0 5 80 20 
Whole group . 
1.5-200.0 164 museer SE lake sito 5 So. Hhewh pale 2g el 


Table 27 - Percentage frequency distribution of depressions deter- 
mined by modified method, among samples grouped according 
to moisture equivalent. 


Range in Number of Percentage of group with depression between limits 
moisture samples in_O- .03]-.051-.071. 091-.111-.131-.151-.171-.201-.501- . 400 
equivalent group _.060.050.070.090.110 .150 .150 .170.200 .300 . 400 


1.5-. 2.9 5 20 40 20 20 
o.0- 4.9 o #0, 20 20 20 

5.0- 6.9 4 We seo 

7.0- 8.9 3 Bo OT 

9.0- 10.9 S) Piet ao ee 

Dans Le 2 100 

15.0- 15.9 = 100 

16.0- 18.9 4 BO a0, co 

19 ,0~ 2il.d v eo. 4” 45 14 

ee.0- 24.9 12 PT De es 

202.0= 27.9 13 SOS Gg: oS 8 

28.0- 50.? ol ae ee. ee 4 4 ‘4 4 
61.0- 535.9 24 2 A. Oe eek 4 8 4 4 
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Table 27 Continued 69 


Range in Number of Percentage of group with depression between limits 
Moisture samples in O- .031-.051-,071-.091-.111-1351-151-.171-.201-.301- .400 
equivalent group -050.050 .070 .090 .110 .150 150.170 .200 200 .400 


54.0- 36.9 14 “oe. 14 2S ee ek 
57.0- 39.9 15 ef 13520 20 6 
40.0=- 45.9 10 20 20 60 

46.0- 69.9 4 100 i 

70.0- 99.9 O ' 

100.0-200.0 5 40 20 40 


whole group 
1.5-200.0 164 2 ilee 21415 Ilo ae A 





FREEZING POINT DEPRESSION IN RELATION TO PRECIPITATION. 


The Minnesota samples dealt with in this study may be considered 
in three groups. 


1. Those from the extreme western part of the state (Lac Qui 
Parle Co.) where the precipitation is about 24 inches annually. 


2. Those from the northeast central part (Aitkin County) with a 
precipitation of about 27 inches. 


Se Those from a number of locations in the southern part of the 
state, where the precipitation varies considerably, becoming greater 
toward the east, with an average of about 28 inches. 


The summarised data for these three. grcups, when frozen by the 
Bouyoucos method from Table 11 is presented as Table 28, while 
Similar data by the modified method is presented in Table 28. 


By woth methods there is a slight difference in the average de- 
pression, that for Lac Qui Parle County, which is driest and where, 
therefore, leaching under natural conditions might be expected to be. 
least, being greater than for Aitkin County. The difference is much 
smaller than the error in determination, but being made up from large 
numbers of determinations, the average may show a real difference in 
the soluble matter of the soils, due to difference in rainfall. The 
conclusion is, however, more open to question because most of the - 
samples of low moisture equivalent are from Aitkin County while most 
of those of the higher moisture equivalents, (excluding the peats and 
vegetable molds) are from the other areas. After determinations had 
been made on the samples from the other areas, the Aitkin samples 
were selected in order to complete the range of moisture equivalents. - 
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Table 28 - Freezing point depression determined by Bouyoucos method 
according to geographical distribution. 





Number of Group Number Lac Qui Parle Aitkin South Minnesota 
sauples of number average number average Number average 
ae _... Saniples depression aepression depression 
oc OC oC 

sagen teem oa 9 0 = earl 0 
09er Tpape. 4.9 14 0 14 078 OQ 
sot. wee) 6.9 ae 0 et -057 O 
sGRO.: (20-7 Seg Lt O 23 -046 O 
SOE eee tee 135 4 »064 9 20359 O 
O55 11,0="12.9 8 O -- 8 2035 0 
-946.15.0- 15.9 g - ~049 8 ~046 0 
.046 16.0- 18.9 8 5 e051 q ~O42 L 043 
-044°1970+° 21,9 1 4 2044 af ~026 6 048 
-066 22.0- 24.9 29 5 ~044 5 .061 17 068 
~OSY. 20,02 2739 a 11 2071 0 == (6 O60 
-O77 28.0- 30.9 32 25 -080 1 ~028 8 2075 
-081 31.0- 33.9 26 25 .078 O -- 3} 098 
-094 34.0- 36.9 ate 15 094 0 -- 4 094 
-076 37.0--39.9 15 14 -033 0 -- . 065 
-0O95 40.0- 45.9 15 6 «L0G O -- g 092 
~077 46.0- 69.9 14 0 -- 5 » 040 2 -098 
-069 70.0= 99.°¢ 6 O -- 2 049 4 078 
-046 100.0-200.0 ¥ 0 -- a 046 0 -- 
Average of all 

93 .070 68 -O75 


O75 107 -078 


For the samples of the Lac Qui Parle area, freezing point de- 
pression generally increases from group to group with moisture equi- 
valent, whether the determination is made by the Bouyoucos! or by 

he modified method. The same relation holds but is less striking 
in regard to the samples of the southern area. For the group of 
coarser texturea samples from Aitkin county the change is in the 
opposite direcvion, freezing point depression becoming less as mois- 
ture equivalent increases. It has already been pointed out that the 
freezing point shown for the soils of very low moisture equivalent 
is vrobably incorrect. In table 29 if the two groups of lowest mois- 
ture eouivalent be disregarded on that account, and the two of mois- 
ture equivalent from 13 .0 to 18.9 be excluded because of the small 
number of samples, the averages for the four remaining groups would 
be nearly constant and somewhat below that for the Lac Qui Parle and 
southern areas, making the series for the state as a whole conform 
to the gradual increase shown by the finer textured soils. 
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Table 29 - Freezing point depression determined by the modified method 
according to geografhical distribution. 


Range Number in Average Lac Qui Parle Co. Aitkin County Souther Minn- 
group ~depres- Number of Deprés-Number of Depres-esota . De- 





sion for samples sign samples sion Number of pres- 
_ group samples sion 
oC ry “CL MColme Ine ee OC 
eS ces 5 «OOF O 5 2007 O 
9.0- “4.9 5 quan 0 5 e113 0 
2.0- 6.9 4 -085 O 4 083 O 
TKK 4 Cone 5 -088 O 3 088 O 
9.0- 10.9 S .081 4 095 3 -069 0 
teen Peed a e095 O -- 2 .096 O 
dg de eta eS 042 QO -- 2 2042 O 
PGs Om 15.0 .O74 i OTL 1 ~051 1 - 105 
Poet lao 7 ey eS ~080 0 -- rs) Can 
PepUn esas, ke 208l 4 -069 0 -- 8 -088 
poxvO—ared 15 obo 10 114 0 3 elie 
23.0- 30.9° 27 cig 22 e226 9 5 ete 
51.0- 35.9" 25 aS 25 «110 O e 142 
54.0- 36.9 4 ae. 14 Sok 0 2 ler 
er eOeoo eds © 1s oLeo L4 leo 0 L ~102 
40.0- 45.9 10 130 6 meee 9 4 shee 
46,0- 69.9 5 086 0 -- 5 -086 O 
79.0=_99),9 
100.0-200.0 5 057 O 5 .057 0 
Average of all 101 114 37 a2O9 ol wo 


The increase might be due either to less comolete leaching out 
of soluble matter »y the natural precipitation or to the lesser de+ 
gree of washing of the finer samples, incident to preparation of 
the samples for freezing by the centrifuging method. In Table 28 
the data for the Aitkin County samples cannot be made to agree with 
those from the other areas even by such rather crastic exclusion as 
that shown for tabie 29, 


DILATOMETER MEASUREMENTS AT THE MOISTURE EQUIVALENT. 


Dilatometers of the pattern devised by Bouyoucos were secured in 
two sizes and calibrated as he advised (7 - P 12), using 5 cc. of dis- 
tilled water, the remaining space in the instrument being filled with 
gasoline. 


With eight soils the expansion on freezing when wet exactly to 
the moisture equivalent was determined. The samples were prepared 
by centrifuging away the excess water from the saturated soils which 
was accomplished in the three ways described above (pages 39-40). 
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After the centrifuging the samples thus moistened to the mois- 
ture equivalent were removed from the centrifuge, weighed and placed 
in the dilatometer The instrumert was then filled with gasoline, 
closed | and placed in the rreezing bath at the temperature specified 
(C-1.5°C) and the amount of gasoline adjusted by addition through the 
stem. When the dilatometer and contents had come to the temperature 
of the bath, shown by the level of gasoline in the stem coming to 
rest, the height cf gasoline was noted and the freezing initiated by 
setting the insi crument into a colder bath (-80, or colder). When 
the freezing had begun (shown by rise of gasoline in the stem) the 
dilatometer was returned to the first freezing bath and left until 
the rising column of gasoline had again come to rest, showing that 
expansion had ceased and freezing was no longer progressing. The 
colunn was again read, and the increase over the first colum re- 
corded as the expansion in freezing. This expansion was multiplied 
by 10, the factor used by Bouyoucos, to compute the volume of water 
irogzen, and the difference (total water less water frozen) is the 
unfrozen or “unfree” water. The factor used is recognized to be 
somewhat greater than other workers give, but seems near enough, in 
view of the uncertainty introduced by some other features of the 
method, and it simplified the computation. 


The determination was not found so ravid or so simple as would 
be supposed from Bouyoucos! statement, nor the results so concordant. 


The values (Table 30) cbtained for the “unfree” water on differ- 
ent portions of the same soil prepared in the same wav vary as much 
as the average difference between those treated differently. It 
cannot be said that there is any definite difference in the amount 
of unfree water due to the treatment of the sample. 


Averaging the comparable determinations of the 70 made in this 
series, the results show, as Bouyoucos observed, a eonstant tendency 
for the "unfree" water to be greater in the finer types of soil, that 
is, unfree water and moisture “equivalent rise together. 


The ratio between unfree water and moisture equivalent is shown 
in table 31. Since there seems to be no significant difference in 
the unfree water due to the methods used in preparing the samples, 
the data from the three methods has been averaged for use in this 
table. The range in this ratio, from 46 percent to 66 is consider- 
able. The average, 57.6% is not far from 55 percent of the moisture 
equivalent, the indirectly determined wilting point as given by 
Briggs and Shantz (27). 


Much more confidence cculd be vliaced in the data if it were not 
for the extremely great range in the duplicate determinations. No 
definite statements have come to the writer s attention showing how 
close agreement between duplicates any other workers have been able 
to secure. Bouyoucos! confidence in the significance of the slight 
difference in expansion between successive freezings of the same 
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Table 30 - Unfree water in soils at their moisture equivalent. 


Deter- il descriptions Mois- Volume of water unfrozen Duration Volume 
mina- ture (computed) Sample pre- of satur- of 
tion: equiva- pared. tion and leach- 

lent  arter after after of leach- ings. 

usual vrolonged thorough ing 
pe — seturation leaching 
pe p.p.h. p.p.h. days 

1 A. Surface 6 inches --- 2.65 5.b@ a 1500 
2 of Merrimac loamy pers 5508) 3.00 Pas 1500 
3 sand 2.40 Sesu --- 26 1500 
4 --- 2,29 2110 1500 
~vePage 4.4 2.40 2et Sete 
Al B. Surface foot of 3.80 Swi5 4.80 2 2000 
2 a red sandy loam Seis 2.50 Pave 6 3000 
3 === 4,00 2.80 15 2000 . 
Average 6.0 5.78 te, 3.02 
A: C. First foot of Far- 9.45 4.60 5.20 16 1500 
a2 go fine nerdy loam — ~--- 6.35 -- 1500 
Average kes 8 5.45 4.60 5.78 
BI D. PIPth Loot’ of ‘a ca 5.15 6.45 4 1000 
2 red fine sandy Bate) 7.00 7,40 2 1000 
3 loam -~--- BSE 6.56 9 1000 
4 ~--- 7.60 Guat it b 1000 
Average 12.7 Tere 6.60 G.tg 
x Ee, LiPst foot of a 7.05 14,70 11.45 3 2000 
= rea loam oe rd 9,00 - 9.80 7 2000 
3 -~--- ---- 14.60 9 2000 
Average Le 49 8.38 11,85 1, Ob 
1 F. Highth foot of 10.00 9560 10.350 2 1500 
2 red silt loam Deu) 9.29 Te Yes 2 2000 
3 14,50 11.40 Lye 4 1000 
Average tee ea 10.10 Le te 
ip G. Third foot of ---- 14,00 17.05 4 500 
2 red silt loam 14.80 14.70 OO 2 1500 
3 9.45 18.85 13.90 5 500 
4 15.65 16.40 14.85 a 1000 
Average Be kee On boo 14.65 
7 H. Surface 6 inches ----~- L2 SLO 19.00 10 1500 
z of Hempstead silt 18.40 17.50 L620 2 1500 
5 loam 13.50 12,06 10.80 a 1500 
4 10.55 Cie 20.50 5 1L50C 
5 6.50 ----- 15.40 2 1500 
Average Pas VLeaBl 15.67 16.52 
Average for all determinations 9.40 9.69 9.59 
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Table 31 - Relation of the “unfree" water to the moisture equivalent. 


Soil Moisture Unfree Ratio 

equivalent water unfree water x 100 

moisture eauivalent 

percent 

A 4,4 2.635 60 
B 6.0 5.44 59 
C alo 5.40 46 
D tect 6.78 53 
E 18.9 10.90 58 
F 19.6 Ts oS 55 
G noe ey 14,58 66 
H 235.0 eS ee 64 


Average o7.6 


portions of soil seem to indicate that he had satisfied himself that 
such differences are greater than the error of determination, The 
only definite statement noted, however, occurs in his first paper 
(12-P 200) where he states "in the majority of cases the duplicate 
determinations of the same kind of soil would agree very closely. 
Occasionally, however, the disagreement would be quite appreciable." 
An equally strong commendation in speaking of the agreement in the 
determinations here reported would not be justified. 


The amount of air present in the moist sample, either dissolved 
in the water, or undissolved, may have a bearing upon both the con- 
cordance of the supposed replicate determinations, and upon the value 
found for the unfree water. 


Bouyoucos referring to the undissolved air in the soil mass 
advised the use of stirring and gentle suction for its removal, but 
recognized that some air remained, even after the use of these means. 
He concluded that the presence of this residue introduced no impor- 
tant error, but did not mention the possible effects of dissolved air, 
which if not present in the water used for moistening the samples, 
will be supplied by the air adsorbed upon the air dry soil particles, 
or from the undissolved air existing in the pores. That this dis- 
solved air may have an éffect upon the determination is shown by the 
following observation. 


It was observed that when water was frozen in the dilatometer, 
even in the absence of soil, a gas, assumed to be air, was expelled. 
Even when this gas was allowed to escape from the instrument and the 
same portion of water frozen and thawed reveatedly, gas was expelled 
at each freezing. Thus the same 5 cc. portion of distilled water 
was observed to expel gas on 16 consecutive freezings in a period of 
four days, and the average volume of the expelled gas in the last 
four freezings was roughly only about one-tenth less that in the first 
four. 
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This ability of water to expel the gas at successive freezings 
may be due to the cold water abstracting dissolved air from the fill- 
ing liquid (gasoline). From the above it appears that dissolved air 
will always be present in the solution when soils are frozen in the 
Gilatometer. As the air expelled is likely to be entrapped within 
the soil mass, rather than to escape from the instrument, as it may 
when water alone is frozen, it will tend to produce an expulsion of 
the filling liquid that is not due to the increased volume of the 
water on freezing. Even if the gas should prove not to be air, this 
source of error may always be expected, though it is not possible 
from the data at hand to state how great it is, or whether it is 
relatively constant. 


FREEZING POINT OF SOIL SOLUTIONS DISPLACED FROM THE SOIL, COMPARED 


nn ee 


WITH THAT OF THE SOIL BEFORE DISPLACEMENT. 


A sample of Hempstead silt loam surface soil was used for the 
trials of displacement of the soil solution by alcohol as described 
by Parker (38). 


The two or three kilograms of air dry soil needed for each trial 
was mixed with the desired amount of distilled water, and stored for 
several days in a large mouthed glass bottle closed with a cork 
stopper, before being packed into the glass percolators for the dis- 
placement. As Parker has pointed out, the method at times is some- 
what slow; and considerable experience is required before satisfac+ 
tory manipulation is secured. The chief difficulties are in deciding 
upon a suitable degree of moistness for the sample, in uniformly 
moistening to that desired degree the rather large samples required, 


*. But few data on the solubility of the air in gasoline are easily 
found. St. Gniewosz and Al. Walfisz, Zeit. fur Phys. Chemie Vol..1 
P-70-72 give absorption coefficients for petrolium and water as 
follows: 


: Petroléum Water at 
at 20° at 100 Content 10° 
Nitrogen OMA Or 15 Ib Sab: 0.0140 
Oxygen weOe 229 LS -0284 


and state that petroleum is useless as a covering to protect from 
access of oxygen. 
G. Just. Zeit for Phys Chemi Voi. 37 P-3420 gives for nitrogen in 
Xylol and in water. In Xylol 259 - 200, in water 25° 200 
Nitrogen O.L217 ees .01634 .01705 
It thus seems probable that these air gases are more soluble in gaso- 
line than in water, and hence could easily be able to furnish a con- 
siderable amount to be absorbed by the water. 
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and most difficult of all, in packing the moist sample into the per- 
colator so evenly and compactly as to secure ready and uniform pene- 
tration of the alcohol used as the displacing agent. If the packing 
is carried too far the displacement is prevented or unduly delayed. 
If not far enough, channels are formed in the soil mass, which per- 
mit the alcohol to flow past the soil solution instead of forcing the 
latter downward before it so that it may be secured uncontaminated by 
the alcohol. 


The first few successive portions secured had freezing points 
approximately constant for cach soil sample Table 32, and were thus 
regarded as of constant concentration. This freezing point was above 


Table 32 - Freezing point depression of Hempstead silt loam (moisture 
equivalent = 22.8) and of successive portions of solution 
displaced from it by alcohol. 


Trail Total Depression Number of Volume Depression Aver-Differ- Re- 


water for moist portion of of for por- age ence in marks 
content soil displaced portions tions of depression 
solution of soil and 
: solution 
J Depeh. oC Ces 

A 25.6 0.047 x 25 0.024) 
2 25 5020) Depe2 .0O85 
iS 1350 .022) 
4 oe O04] 
5 25 -097) eo 
= a +203} solution 

B Bea -O065 aj 25 SOS) 
2 25 ~O40 "seas U27 
3 25 038) 
4 Zo a alcohol 
5 25 - 408 in solution 

C 2G O76 1 25 Ona 7035 043 
2 25 043) 
3 2 ~046 alcohol 
4 25 071) in 
5 25 143) solution 
6 25 303) 

D 21.6 ---- i: 25 .040 .040 ~-- 
eS 25 .O70 
3 25 185} ee 
4 £5 +580 solution 
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Table 32 - Continued Re 


Trial Total Depression Number of Volume of Depres- Aver- Differ- Re- 
water for moist portion of portions sion for age ence inmarks 





content soil. - displaced portions depression 
of solutions of soil and 
solution 
E see) --- a 50 -030) 
2 50 082) Jon 
3 50 054) 
4 50 «OR Oy alcohol 
5 50 -O79 in solution 
F 17.6 3 25 .045) 
2 20 -050) -049 
3 25 J052)) alcohol 
4 25 -083) in solution 
5 25 i S200 
G 14.6 1 25 058 ) ~064 
2 25 ~070 
3 25 +205) 
4 20 -490 
H eS sl} 25 OT ~063 
2 25 069) 
3 25 - 400 alcohol in 
4 25 3.300) solution 


that of the moist soil before the displacement. In the case of the 
samples that gave a satisfactory volume of uncontaminated solution 
the depression was aDproximately provortional to the dryness of the 
samples from which they were displaced. All three of these observa- 
tions confirm the findings of Parker, and correspondingly support his 
conclusion that the freezing points of such moist soils cannot be 
regarded as due only to the concentration of the solutions. 


FREEZING POINTS OF SOIL MOISTENED WITH AQUEOUS ORGANIC 
SOLUTIONS INSTEAD OF WITH PURE WATER. 


Parker has pointed out that if, as Bouyoucos concluded, soils 

carry “unfree" water that cannot act as a solvent, then dry soil, 

when moistened with a chemicaily inactive solution, should withdraw 
water from the solution, and render it unfree in the soil, while the 
solute wald be concentrated in the portion of water remaining free. 
If such is the case the freezing point of a soil so moistened should 
be below that of the soil when equally moistened with pure water, by 
more than the depression of the solution before contact with the soil. 
If a soil moistened with a solution freezes below the same soil equal- 
ly moistened with water by only the depression of the solution before 
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“contact with the soil, it would indicate that no water has been with- 
drawn from the solution, and accordingiy that there is no such "un- 
free water". Parker reported (41) such data from experiments with 
glycerine and alcohol in water solutions, using oven dried 30n1, and 
concluded that no water had been thus withdrawn from the moistening 
solutions. In addition he found that the liquid displaced from soil 
previously oven-dried and moistened with the same solutions, froze at 
temperatures that led to the same conclusion. To verify these results 
in respect to the freezing point the writer repeated the experiments, 
using glycerine and dextrose in aqueous solution. 


Portions of Hempstead silt loam surface thoroughly dried in an 
oven, were treated with the desired amounts of the solutions, and 
mixed with them as rapidly as possible to avoid loss by evaporation. 
The small amount of water lost was later actually determined by dry- 
ing the samples after the freezing points had been determined. In 
order to give time for distribution of the moistening solutions, the 
samples, in stoppered freezing point tubes, were stored for one day 
in the moist-air box before freezing. Table 33. The corrected depres- 
sion made necessary by the evaporation from the sample during the mix- 
ing is reported in the fourth colum. The portion of the observed 
depression due to the presence of the solute (Column 6) and of the 
amounts of "free" and "unfree" water indicated are computed from the 
determinations given above. The computations made as indicated in 
the foot note below the table, may be illustrated here, using for the 
illustration the sample treated with 24 parts of dextrose solution 
per hundred parts of dry soil. 


COMPUTATION OF THE UNFREE WATER. 


Although 24 p.p.h. of the solution was added, water evaporated 
during the preparation of the sample, so that only 22.55 pi pcheewere 
found after the freezing. Thus, the solution was concentrated by the 
loss of water, becoming stronger and therefore having a greater freez- 
ing point depression, in the ratio of 24.0. The corrected depression 

eee 
then is 2400 x 0.380°C or 0.40°C, 
2o00 

The depression due to presence of the solute is found by sub- 
tracting the depression found with 24 p.p.h. water from that with the 
same amount of dextrose solution or .655 - .184 = 0.471°C. 


Since the depression due to solute is greater than the corrected 
depression for the solution alone it indicates by Bouyoucos theory 
that some water has been withdrawn from the solution (made “unfree") 
and the solute concentrated in the remaining or "free" water, The 
amount is shown by the proportion corrected dpression = 

depression due to solute 
free water (x) The water not free to act as a solvent is the "un- 
total water. 
free" column 8 indicated by the results, and found by subtracting 
"free" from the total amount of water. 
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Table No. 33 - Freezing points and "unfree" water of a soil first 
dried and then moistened with inert aqueous organic 
solutions. 


at eo S 4 7 8 
Liquid Depression Water Depression Observed Depression Free "Unfree" 
added for liquid found for liquid depression due to water water 


alone correctad for mois- solute acting indi- 
for evapora- tened as cated 
tion soil solvent 
Pepe, O¢ De Dells OC OCG C Dis Lis 
Water 24.0 0.000 0.184 
21.0 0.000 2220 
18.0 0.000 - 280 
15.0: 0.000 081 
t2).0:.. 0.000 sbLY 
Dex- 
trose 24.0 0.500 22200 406 2655 0471 19.4 ask 
21,0 0.380 20.60 587 Sfor 497 Le. O 4.6 
18.0 0.580 17.35 096 785 905 15.6 Oe 7 
15.0 0.380 15.40 -970 . 860 479 ie 5.5 
Average 5.7 
Glycer- 
ine 24 0.660 24.60 644 - 9210 726 21.8 2.8 
et 0.660 21.65 ~642 984 759 18.3 5.5 
18 0.660 18.00 -660 7987 = 10% 16.8 ee 
15 0.660 14.75 ~650 aaa . 10 15.7 Bat 
£2 0.660 L265 641 wate 658 1258 0.5 
\verage 1.7 


Foot note: values arrived at as follows 


1 Column 1 = measured 





- observed 
: - determined Gols 4 
- computed (Col 2 x Gods a 


- observed 
- computed (Col 5 solution - Col 5 water) 
- computed »Col 4 x Col 3 ) 
j t tie 
- computed (Col 3 = Col 7) 


CGC IOM Fwd 


The data treated in this way indicates a small amount of unfree 
water for each determination made, the amount ranging from .3 to 4.6 
p.p.h. and averaging abeut twice as much when dextrose is used for the 
solute as when glycerine is used. With glycerine the unfree water is 
higher where the larger amounts of solution were used, but such is not 
the case with the dextrose. The amounts of unfree water indicated, 
0.3, to 4.6 p.p.h. are far below the 12.8 p.p.h. indicated by the dila- 
tometer measurements reported for the same soil (sample H, Table 31). 
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It. has already been pointed out that incomplete distribution 
may disturb the freezing point, and that distribution becomes slower 
as soils become drier. Some of these soils were wet to not much 
more than half the moisture equivalent which may help to explain the 
lack of uniformity in the amount of unfree water indicated in differ- 
ent portions of the same soil. 


UNFREE WATER OF DRY SOIL OR IGNITED RESIDUE, MOISTENED TO THE MOIS- 


a 


TURE EQUIVALENT WITH AQUEOUS ORGANIC SOLUTIONS. 


Portions of the same soil (Hempstead silt loam) were ignited for 
one hour in a muffle-furnace, with loss on ignition of 6.15 percent. 
Samples of both the oven-dried soil and this isnited residue were 
moistened with excess of water and of the solutions of dextrose and 
of glycerine above described. The samples were centrifuged to the 
moisture equivalent, and portions dried to determine the moisture, 
content, while other portions were frozen withoug drying. As the 
samples were not later exposed to loss by evaporation, it was not 
necessary to determine the moisture after the freezing. "The "un- 
free" water (Table 34.) found for the unignited soil is less in the 
portion treated with dextrose solution than shown in Table 33, but 
for the ignited residues the amount is slightly higher than for the 
unignited soils, This is directly contrary to the observation of 
Bouyoucos (17) thet generally no unfree water is present in ignited 
soil (estimated by dilatometer measurement) and if any is found, it 
is less than in the original soil. The difference is not great, and 
the data are too few for a definite conclusion. 
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Table 34 - Freezing point depressions and “unfree" water of Hempstead 
silt loam and of ignited soil residues moistened with 
aqueous organic solutions and then brought to moisture 
equivalent by centrifuging. 


1 and 3 2 and 4 5 6 T 8 
Sample Liquid Mois- Depres- Observed Depres- Free Untree 


ture sion for depres- sion due water water 
equiva-liquid sion for to solute act- .indi- 


lent alone moistened ing as cated 
sample solvent 
‘nih choad eda tig ii: tallies? | ink, «maine oC p.p.he 
Dried soil distilled water 22.8 0.000 0.090 - - ? as 
Ignited soil residue water17.0 0.000 0.081 - - ? ? 
Dried soil Dextrose 
. solution 2ee0D 080 Pap ta 2421 COs Aue 
Ignited soil Residue 
solution 16.25 .9580 080 499 12.4 5.8 
Dried soil Glycerine 
solution eletea. sou 802 She 20e rao 
Ignited soil Residue 
solution £5550" “2660 850 «769 Poet ee 


Pas a a ND en ee 


Footnote: Values arrived at as follows 


1 and @ column - determined 
2 and 4 x - determined 
5 . - observed 
6 z - computed (depression col. 5 for solution - depres- 
a sion for water) 
7 y - computed (Col 2 (or 4) x Col 1) 
Col 6 
8 » =eempuced (Cok. 1 Cor 5) =-*Col 7). 
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B82. 
SUMMARY. 


1. The experimental work reported includes determinations of 
moisture equivalents and of freezing points of over 300 Minnesota 
soils, including a series with a wide range in moisture equivalent, 
from less than 2 to 200, the interval between successive samples 
being small for the first 244. These were frozen after being pre- 
pared both by Bouyoucos! method and by saturating the dry soils and 
centrifuging away the excess water, The freezing was performed both 
by the Bouyoucos method and by two modifications of it. The expan- 
sion on freezing with a small number of samples was measured by the 
Bouyoucos dilatometer method, the soil solution was displaced by al- 
cohol and the freezing point determined. Lastly dried and ignited 
soils were moistened with aqueous organic solutions, and their mois- 
ture equivalents and freezing points compared with those of the same 
materials made equally moist with pure water. 


2. In the case of the moisture equivalents, duplicate determina- 
tions agreed well. The effect both of leaching and of prolonged con- 
tact of water with a soil, was to slightly increase the value. Igni- 
tion in every case caused a very marked decrease 


3. With repeated freezing and thawing of the same portion of 
moist soil the freezing point depression was very slightly lowered 
when the water had been thoroughly mixed with the soil, but markedly 
increased when it had been simply added to the surface of the soil 
without mixing. The slight decrease in the first case is probably 
due to a compacting of the sample from withdrawing and returning the 
thermometer for the successive freezings, while the greater effect in 
the second case is due to the gradual advance of the moisture into 
the dry soil, the observed freezing point being really only that of 
the most readily frozen or wettest part. 


4, At the moisture equivalent the depression is less, and more 
nearly constant when the soil is brought to this degree of moistness 
by saturating the air-dry sample and centrifuging away the excess of 
water than when the computed amount of water is mixed with the air- 
dry soil. The lessened depression is to be attributed to the loss 
of soluble matter in the water centrifuged away, and the greater un- 
iformity to the more even distribution of the water. 


5. Leaching caused but slight change in the freezing points of 
soils whose original depression was small, but marked reductions of 
depression with those where the original depression was large, in 
some cases amounting to more than fifty percent, due to the loss of 
soluble matter. 


6. Prolonged contact with excess water, but without percolation, 
continued as long as the leaching, only slightly lessened the de- 
pression. 


7. Ignition sometimes raised and sometimes lowered the freezing 
point at the moisture equivalent. 
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8. The freezing point depressions for the different soils at 
the moisture equivalent varies within much narrower limits than when 
a uniform amount of water is added to the air-dry samples, as prac- 
ticed by Bouyoucos, that for soils of fine texture usually only very 
slightly exceeding that for those of coarse texture. Very coarse 
textured soils showed the greatest depression, but this is probably 
due to the amount of water frozen being too small to supply the heat 
required to raise the temperature of the moist soil to its actual 
freezing point. Aside from this the differences found were no great- 
er than may be attributed to differences in the soluble matter con- 
tent. 


9. A study of the effect of packing upon the freezing point has 
led to the recognition of a cause of serious error in the method as 
‘hitherto carried out, in that the thermometer bulb is exposed to com- 
pression when inserted into the moist soil, and a modified method, 
avoiding this source of error, has been devised. Using the same 
soils a comparison was made of the Bouyoucos method with this im- 
proved method and a third in which the soil was purposely packed 
firmly about the thermometer bulb. With the last the depression was 
always less than with the second in which the thermometer bulb was 
protected. The data from the Bouyoucos method agreed more closely 
with those from the third method, where the thermometer was inten- 
tionally subjected to compression, than with those from the second. 
When compression of the thermometer bulb is guarded against compact- 
ing the sample usually lowers the freezing point. 


10. Duplicates were frequently discordant when the soils were 
frozen in very loose condition. The concordance of duplicates was 
better with the degree of compactness incident to the Bouyoucos and 
the modified methods, the two being quite similar in this respect. 
The concordance on the whole was neither better nor worse for fine 
textured soibs than for coarse textured. 


ll. The expansion on freezing of soils at the moisture equiva- 
lent was determined by dilatometer measurements. The amount of "un 
free water" they carried, computed from these data, varied consider~ 
ably, being greater with finer soils, as found by Bouyoucos. The 
average for the soils frozen was not far from 55 percent of the mois- 
ture equivalent, thus agreeing with Bouyoucos! observation that the 
"unfree" water approximates the wilting coefficient as defined by 
Briggs and Shantz. The “unfree water" computed by the method pro- 
posed by Parker, was found to be very much less than that computed 
from the dilatometer readings, a result which gives some support to 
Fisher's argument that the expansion on freezing of capillary water 
is less than that of water in bulk. 





12. Attention is called to a- hitherto unrecognized error in the 
measurement of the expansion on freezing of soil water. This is due 
to the air dissolved in the soil solution. 
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15. Confirming Parker's observation, freezing point depressions 
of solutions displaced by alcohol from moist soils were found smaller 
than those for the moist soils themselves. The difference, however, 
when the solutions were displaced from soils wet about to the mois- 
ture equivalent was less than the constant value suggested by Parker 
as due to adhesion between soil and water (0.0500C). The total de- 
pressions for samples brought to the moisture equivalent by centri- 
fuging were also found smaller than Parker's value for such a con- 
stant. 
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Biographical Sketch. 


Reuben Marion Pinckney was born near Macksberg, Iowa, on Dec. 5rd, 
1880. His elementary education was secured in the public schools of 
Custer, Dawson, Buffalo and Valley counties, Nebraska. 


University training and degrees. 


Nebraska Wesleyan University, 1902-1906. Degree of Bachelor of 
Science, 1906, with major in Chemistry. 

University of Nebraska, 1907-1908. Degree of Mastér of Arts, 
with major in Agricultural Chemistry. 

University of Minnesota, 1922-1924. Degree of Doctor of Phil- 
osophy in December, 1924, with major in Soils, minor in Physical 
Chemistry.: Thesis title "The Freezing Point of Soil at the Moisture 
Equivalent". 


Experience. 


Student assistant in chemistry, Nebraska Wesleyan University, 
1902-1905. 

Assistant in chemistry, Nebraska Agricultural Experiment Station, 
1907-1908. 

Assistant Chemist, Montana Agricultural Experiment Station, 
1908-1922. 

Research Assistant, Minnesota Agricultural Experiment Station, 
1922-1924. 


Sub a6 Ons). 


1. 1904 "On Certain Nitrogen Compounds".F. J. Alway and ----- : 
Am. Chem. Jour. Vol. 32, p. 598-. 
2. 1908 "Effect of Nitrogen Peroxide upon Wheat Flour". 
F. J. Alway and ----- » dour. Am. Chem. Soc, V. 00, pe tau 
3. 1908 "Relation of Native Legumes te the Soil Nitrogen of Nebraska 
prairies." F,. J. Alway and ----. 
Jour. one. and Ene. Chem. Vol. 1, pi. V7l=---. 
4. 1908 "The Determination of Humus". F. J. Alway, E. K. Files and 
==. Js0Ur. GF Ind. and Eng. Chem. Vol. 2, p. S175 
5. 1911 "The Destruction of Hydraulic cements by the action of 
alkali salts". Edmund Burke and ----. 
Bulletin No. 81, Montana Agriculture Experiment Station. 
6. 1911 “Action of Alkali Salts upon Portland Cements" E. Burke 
and ----, Jour, of Ind and Eng. Chem. Vol. 3, p. 317-526. 
7. 3911 "Destruction of Cement of Alkali" E. Burke and ---. 
Circular No. 6, Mont. igr. Experiment Station. 
8. 1912 "Photometric and Colorimetric Determination of Humus." 
F. J. Alway and ----. Neb. Agr. Exot. Sta. 25th an report, 
appendix, Ps 2. 
9. 1912 "Nitrogen Content of Inoculated and Uninoculated Alfalfa 
Piante." Paid. Alwayvand.—-=-. Ibid, p. 35. 
10. 1914 "A report on Montana Climate" E. Burke and ----, Mont. Agr. 
Experiment Station Bulletin No. 99. 
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"A Purther Report on Montana Climate". EE. Burke and ---. 
Mont. Agr. Exper. Station. Circular No. 87. 
“action of Seap upon Lead Arsenates" ----. 
our Gs pe Rese Vor, et .)p. 87-956 
"Chemical Analyses of Montana Soils” E. Burke and ---, 
Mont. Agr. Expt. Sta. Bulletin. No. 139. 
"The effect of Nitrate Supply upon the Hydrocyanic Acid 
centent of growing Sorghum Plants". ----. 

Journ, of Ags Kesst¥el. Lia Dp» as 723. 
"Sorghum as an Indicator of available Soil- Nitrogen" 
Soil Stience, Vol. 17, p. 515-se21. 
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